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INTRODUCTION. 


With the joint participation of the Federal Government and 
States in the construction of highways under the Federal aid road 
act of July 11, 1916, it became necessary for the United States Office 
of Public Roads and Rural Engineering to familiarize itself thor- 
oughly with the practice of different States in highway work in 
order to facilitate perfect cooperation. The construction of highways 
may be considered under two main headings: (1) Materials used 
and (2) methods used. The report of this conference has to do with 
the first subject. 

As a result of a canvass of the various States made by circular 
letter in the latter part of 1916, it was ascertained that less than 
one-half of the States had proper facilities for testing materials used 
by them in highway work, and many had no facilities at all. At 
that time a large majority of the States indicated their willingness to 
cooperate with the Office of Public Roads and Rural Engineering 
and, if possible, to send representatives to attend a conference upon 
the subject of materials used in highway work. After the conference 
had been called it was found that many of the States which had 
signified their willingness to cooperate could not send representa- 
tives at the time appointed. However, a widespread interest in the 
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work of the conference was expressed, and numerous requests were 
received for copies of the report of the conference. Under existing 
conditions and the general difficulty of securing representatives from 
all parts of the country to meet at a given point, it is considered 
highly gratifying that 26 representatives from 21 States attended. _ 

Because it was felt that a sufficient number of permanent organi- 
zations having to do with highway matters now exist, no additional 
permanent organization was contemplated, but the Office of Public 
Roads and Rural Engineering proposes to call other conferences 
from time to time as they may be needed. It is not intended to 
conflict or compete in any way with the permanent organizations, 
and, in fact, it is suggested that the conferences adopt the standards 
of such organizations whenever they are considered reasonably satis- 
factory. 

The purposes of the conference announced in advance were as 
follows: 

(1) To encourage the establishment of well-equipped State high- 
way laboratories. 

(2) To recommend for general adoption standard forms of speci- 
fications for various types of road materials as applied to specific 
uses. > 

(3) To recommend for general adoption a comprehensive set of 
standard tests for various types of road materials. i 

(4) To recommend for general adoption uniform methods of re- 
porting test results of various types of road materials. 

(5) To recommend for general adoption standard methods of 
sampling and inspecting various types of road materials, 

(6) To outline a plan of cooperative research on the part of the 
States in connection with the value of physical and chemical tests of 
various types of road materials as related to their use. 

(7) To recommend methods whereby the maximum efficiency of 
the laboratory may be developed as well as its maximum usefulness 
to highway engineers. 

It was realized that lack of time would prevent the first conference 
from considering all materials of interest in highway engineering. 
Therefore its attention was confined to recommendations relating to 
specifications, testing, sampling, and reporting tests on those mate- 
rials which are included in this report. It is hoped to cover other 
materials at later conferences. 

In the following report the recommendations of the conference are 
presented in four sections: 

(1) Standard forms of specifications for materials. 

(2) Standard methods of testing materials. 

(3) Standard forms of reporting test results. 

(4) Standard methods of sampling materials. 


ts 


FORMS FOR SPECIFICATIONS, ETC., FOR ROAD MATERIALS, 3 


In the standard forms of specifications such tests as are considered 
necessary have been included, but, as a rule, specific test limits have 
not been recommended, owing to recognition of the fact that no one 
set of test limits could cover satisfactorily the wide differences in 
methods of construction, available materials, and local conditions 
peculiar to the various parts of the country. It is expected that 
engineers who adopt the recommended forms of specifications will 
insert such test limits as they consider advisable for any given work. 

Under standard methods of testing references only are given for 
description of tests which are published in readily available form. 
This is also true of the methods of sampling. 


Locan WALLER Pacg, 
Director Office of Public Roads and Rural Engineering. 


RECOMMENDED STANDARD FORMS OF SPECIFICATIONS FOR 


MATERIALS. 


SPECIFICATION FOR BROKEN STONE FOR WATERBOUND MACADAM. 


The broken stone shall consist of angular fragments of 

{insert types allowable) , of uniform quality through- 

out, free from thin or elongated pieces, soft or disintegrated stone, 
dirt, or other objectionable matter. 


The stone shall meet the following requirements: 


RerrcentaOliwear winhin oti toy os uO aL oye toe 

(onpitrenchcoemicienti2 ee ee to 220515) 
= INSERT G SASS) gD UE A a ye LON ese 
MEPATORESS 2s aaa op een SR AEG IRE BAB, Suis tial ca 0) co AA LO aes 
SPADSORP OI: wie ete ek UT Es not more than ____% 


That portion of the product of the crusher, including the dust 
of fracture, which, when tested by means of laboratory screens, 
will meet the following requirements: 

Per cent. 
Passing 262224 =I NGCHASCEREEN i etek a 100 
Notalipassing 2s SIN ChiESCRE@muee aa thc Bans 10 ie el 

That portion of the product of the crusher which, when tested 
by means of laboratory screens, will meet the following require- 
ments: 


Per cent. 
Passing 22222 IMC sSCRECM ess = se aay Bae 100 
Total passing ______ “INCH SCE GM ips. ess etal es Lixo. 
Retained on ______ -inch screen____________ 100 


That portion of the product of the crusher which, when tested 
by means of laboratory screens, will meet the following require- 
ments: 


Per cent. 

PASSING vo yes =In@hy SChECN a. fc Ce ee 100 
Total passing ______ PINCH «SCPECM 22) ee sna oe sy tO 222 ee 
Retained on ______ “Inch: Screen’. ut 100 
Stone shall be sampled for quality and size in accordance with 
the method described on page ______ , paragraphs __.-__ , of these 


specifications. 

Tests of the physical properties and sizes of the stone shall be 
made in accordance with the methods described or referred to on 
Wages of these specifications, tests Nos. ______. 


General. 


Physical prep- 
erties. 


Screenings or 
No. —- stone. 


Top course or 
No. ~~ stone. 


Bottom course 
or No. —— stone. 


Method of sam- 
pling. 


Methods of 
testing. 


SPECIFICATION FOR BROKEN STONE FOR BITUMINOUS MACADAM. 


The broken stone shall consist of angular fragments of 


Peececcceccerccccccsecemcscesceccescccesscsess 


_ thin or elongated pieces, soft or disintegrated stone, dirt, or other 


objectionable matter occurring either free or as a coating on the 
stone. 


*Tests recommended by the conference which it may be desirable to 
emit in some instances, 


General. 


6 BULLETIN 555, U. S. DEPARTMENT OF AGRICULTURE, 


eeen prop- The stone shall meet the following requirements: 
Per cent of wear? = ae not more than © 2-3 
(or French coefficient______-____ net4tess than 2224 
* "Toughness. ee ee eee noLless than”: 22s 
FHardness 2 3 2-2 te ee agen nee not less than ~. 2 
¥ADSOTDLIOM=- 6 eee ee eee not more than ____% 


That portion of the product of the crusher which, when tested 
Chips or No. by means of laboratory screens, will meet the following require- 


_- stone. ments: 
Per cent. 
Passing... mehsscreen. Jota aie ae 100 
Total passing ______ inch SCree@N.«~.<<.4(4.«s 1) fp eS: ten 4an3 
Retained on ~_____ inch screen___________ 100 


That portion of the product of the crusher which, when tested 


s Top conrse or by means of laboratory screens, will meet the following require- 
0. —— stone. 


ments: 
Per cent. 
Passe oS inch screen_____ pe een 2 100 
Total passing ______ inch sereen: 3 ee eee EC fi ae 
Retained on ___-__ inch screen___________ 100 


That portion of the product of the crusher which, when tested 


Bottom course by means of laboratory screens, will meet the following require- 
er No. ~~ stene. 


ments: 
Per cent. 
PASSING 2s 22 inch screener ys. sie 100 
Total passing ______ inch ;Sereen see 3 gy eee taeet 3 
Retained on ~-____ inch; Bereen 6. ot bw 100 
Stone shall be sampled for quality and size in accordance with 
Sie ofsam- the method described on page —_____ , paragraphs ~_-+—_ , of these 


specifications. 
Tests of the physical properties and sizes of the stone shall be 
Methods ef made in accordance with the methods described or referred to on 
testing. : = 
pages code: _ of these specifications, tests Nos. _-_-__. 


SPECIFICATION FOR BROKEN STONE AGGREGATE FOR LARGE AGGREGATE 
BITUMINOUS CONCRETE. 


General. The broken stone aggregate shall consist of angular fragments of 
__ (insert types allowable) , of uniform quality throughout, free 
from thin or elongated pieces, soft or disintegrated stone, dirt, or 
other objectionable matter, occurring either free or as a coating 


on the stone. 


apes prop- The stone shall meet the following requirements: 
Per cent: of Wests i ge ee ee not morethan ----.. 
(or French coefficient___________ not less;tham 22.5 
SHargness 22 2 ee ee eee not less than. <2. 
“Teuphness? 207. 32036 FSCUaS Bt es not lessthan —___-__ 
* Absorption. ten+)s  4e, tebe Hela not more than ____% 
Grading. The broken stone aggregate, when tested by means of laboratory 


screens, shall meet the following requirements: 


* Tests recommended by the conference which it may be desirable to 
omit in some instances. 


y 
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Per cent. 


Passing (the second largest size selected) inch 


size Selected iin ehmscreemen tic 2 i ee rene ORL ee 


size selected) sineh ‘screen. eo ee e tOMerEees 
Stone shall be sampled for quality and grading in accordance 
with the method described on page _____~- . paragraphs 7-222 7 .Of 
these specifications. ; 
Tests of the physical properties and grading of the stone shall 
be made in accordance with the methods described or referred 
tO. On pages —.--_- of these specifications, tests Nos. ______. 


Method of sam- 
pling. 


Methods of 
testing. 


SPECIFICATION FOR COARSE AND FINE AGGREGATE FOR LARGE AGGREGATE 


BITUMINOUS CONCRETE (BROKEN STONE OR SAND). 
BROKEN STONE FOR COARSE AGGREGATE. 


The broken stone for coarse aggregate shall consist of angular 
mements of (insert types allowable) , free from thin 
or elongated pieces, soft or disintegrated stone, dirt, or other ob- 
jectionable matter occurring either free or as a coating on the 
stone. 

The stone shall meet the following requirements: 


Sr Gents Of wweale ee hee not more than -__---- 

(or French coefficient___._..______ notiless;tham ¢ 222. ) 
=f LE UGM ROU VERSES See rae a a Sa eee a nots less; thane 2 saee 
HAROWSTIMOSG an stoe SCE not, less athan’ 22.02% 
RPA DSOLDGIONS oe Fh Pe not more than ____% 


The broken stone for coarse aggregate, when tested by means 
of laboratory screens, shall meet the following requirements: 


: Per cent. 

Passing (the largest size selected)-inch screen 100 
Passing (the largest size selected) -inch screen 
and retained on __ | (the second largest size 

BEICCUEM ) imeh SCreei! fe ee ad oh $ONa Motes 


Stone shall be sampled for quality and grading in accordance 
with the method described on page ______ A DATASTAPNS ys : 
of these specifications. 


* The number and size of screens and sieves may be continued as de- 
sired by the engineer. For 10-mesh sieve and finer the wording should 
be: Passing. 22 — mesh sieve and retained on ~_____ mesh sieve ~_____ 
(30) Seer The last requirement should be: Passing ______ inch screen 
(or mesh sieve) not more than (or not less than) ______. 

7 Tests recommended by the conference which it may be desirable to 
omit in some instances. 

~The number and sizes of screens may be continued as desired by 
the engineer. The last requirement should be: Passing 1/4-inch screen, 
not more than —_____. 


General. 


Physical prop- 
erties. 


Grading. 


Method of sam- 
pling. 
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ia of Tests of the physical properties and grading of the stone shall 
be made in accordance with the methods described or referred 
to on pages 22 = of these specifications, tests Nos. _____ a 
BROKEN STONE OR SAND FOR FINE AGGREGATE. 

General. The fine aggregate shall be composed of sound, durable par- 
ticles of stone or sand. The particles shall be free from a coat- 
ing of clay or loam. 

Grading. The broken stone or sand for fine aggregate, when tested by 
means of laboratory screens and sieves, shall meet the following 
requirements: 

Per cent. 
Passing 1/4-inch screen______ not less than. | 8 | =e 

Passing 1/4-inch screen and retained on 
1@tmesh Sieve.- 940. ot see a Pa en aie 

Passing 10-mesh and retained on 40-mesh 
SEO VC esi ae oe eee eee eo £020 

Passing 40-mesh and retained on 200-mesh 
SIOVO 122665 s ke ee a ee 51 acer 
Passing 200-mesh sieve____--..-___ not..more, than. 223 
Methods of Stone or sand shall be sampled for grading in accordance with 
poy pee aud the methods described on page ______ , Daragraphs ______ Pere 
these specifications, and tests of grading shall be made in ac- 
cordance with the method described or referred to on page --___~ 

of these specifications, test No. _----- 3 


SPECIFICATION FOR COARSE AND FINE AGGREGATE FOR TOPEKA TYPE 
BITUMINOUS CONCRETE (BROKEN STONE OR SAND). 


BROKEN STONE FOR COARSE AGGREGATE. 


General. The broken stone for coarse aggregate shall consist of angular 
fragments of (insert types allowable), free from thin or elongated 
pieces, soft or disintegrated stone, dirt, or other objectionable 
matter, occurring either free or as a coating on the stone. 


The stone shall meet the following requirements: 


Physical prep- 
eee Per ‘cent of wear!( OU CS) ea Se eee not morethan —_____ 
(or French coefficient_____________ not less than’ 7 22%!= ) 
SH aTAnGsS = 24 = See Ee not less fhan\- S32" 
7 TeuZnNESS A ee eee not less than 23 = 
tA bsorption Sets eae Ue ee not more than ____% 
Grading. The broken stone for coarse aggregate, when tested by means of 
laboratory screens, shall meet the following requirements: 
Per cent. 
Passing (the largest size selected) inch screen_ 100 


selested..ninely ‘screen. Oe =e 2 eee peer wen | eee 


* Tests recommended by the conference, which it may be desirable to 
omit in some instances. 

7 The number and sizes of screens may be continued as desired by the 
engineer. The last requirement should be: Passing 10-mesh sieve, not 
more than -.., 


~ 
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Stone shall be sampled for quality and grading in accordance 
with the method described on page —---__ ) paragraphs =2-2== ; 
of these specifications. 

Tests of the physical properties and grading of the stone shall 
be made in accordance with the methods described on pages ~-__-__ 
of these specifications, tests Nos. ------. 


BROKEN STONE OR SAND FOR FINE AGGREGATE. 


The fine aggregate shall be composed of sound, durable parti- 
eles of stone or sand. The particles shall be free from a coating 
of clay or loam. 

The broken stone or sand for fine aggregate, when tested by 
means of laboratory sieves, shall meet the following requirements : 


: Per cent. 
Passing 10-mesh sieve_________ not less than sea 
Passing 10-mesh and retained on 40-mesh 
ESE YS ig SE saa IE ee ea Opis ae 
Passing 40-mesh and retained on 80-mesh 
SHUN aE ee EN i aT a I Da EARL oe toe 
Passing 80-mesh and retained on 200 mesh 
SHINY ge ye EE CE EST Sli Ses lcs eager Pie ole Sarge Se COs ewe 
Passime200-mesh: sieves. = 22 ea ae ee CONSE 2 
Stone or sand shall be sampled for grading in accordance with 
the method described on page ______ » paragraphs. 2.2 —- , of 
these specifications, and tests of grading shall be made in accord- 
ance with the method described or referred to on page —__-_ of 
these specifications, test No. _.__-_. 


Method of sam- 
pling. 


Methods of 
testing. 


General. 


Grading. 


Methods of 
sampling and 
grading. 


SPECIFICATION FOR BROKEN STONE OR GRAVEL FOR COARSE AGGREGATE FOR 


PORTLAND-CEMENT CONCRETE BASE. 


The broken stone or gravel aggregate shall consist of clean, 
hard, tough, durable rock. It shall contain no vegetable or other 
deleterious matter, and shall be free from soft, thin, elongated 
or laminated pieces. 

The broken stone or gravel shall be graded from coarse to fine, 
and when teseted by means of laboratory screens shall meet the 
following requirements: 


Per cent. 
Bassingy wart ak we IM CHAS CREO PNG see SM) Ga 100 


PASSiN ge) 2a PnChy SCreen ss a not morethan ______ 


Broken stone or gravel shall be sampled for grading in accord- 
ance with the method described on page ______ , paragraphs ______ ; 
of these specifications, and tests of grading shall be made in 
accordance with the method described or referred to on page 
LT Ses of these specifications, test No. ______. 


General. 


Grading. 


Methods of 
sampling and 
grading. 


SPECIFICATION FOR BROKEN STONE FOR COARSE AGGREGATE FOR PORTLAND- 


CEMENT CONCRETE WEARING SURFACE. 


The broken stone aggregate shall consist of fragments of clean, 
hard, tough, durable rock. It shall contain no vegetable or other 
deleterious matter, and shall be free from soft, thin, elongated, 
or laminated pieces. 
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General. 


Physical prep- 
erties. 


Grading. 


Method of sam- 
pling. 


Metheds of 
testing. 


General. 


Physical prop- 
erties. 


Grading. 


Mor ta 2 
strength tests. 


——— 


Method of sam- 
pling. 
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The stone shall meet the following requirement: 
Per. cent..0f wean-=. =" > eee not morethan _u__ 


(or French :coefiicient-s-2 >>> not less than —--_._ ) 
The broken stone, when tested by means of laboratory screens, 
shall meet the following requirements: 


Per cent. 

Passing a2 2= inh SCRCCW: ea a eae 100 
Passing 32 * inch screen and retained 

Dlr ese mchiscreen. =) 24 ee ee 632-2 
Passing? 2s inch screen___not more than 


Stone shall be sampled for quality and grading in accordance 
with the method described on page ~-_-__ , paragraphs 
of these specifications. 

Tests of the physical properties and grading of the stone shall 
be made in accordance with the methods described or referred to 
on pages ___-__ of these specifications, tests Nos. _--__-. 


SPECIFICATION FOR STONE OR GRAVEL SCREENINGS FOR FINE AGGREGATE 


FOR PORTLAND-CEMENT CONCRETE BASE. 


The screenings shall consist of material obtained by crushing 
hard, durable rock or gravel, all of which shall pass a revolving 
screen having circular openings three-eighths of an inch in diam- 
eter. They shall be free from lumps of clay and at the time of 
use from lumps or crusts of hardened material. 

If the screenings are produced from rock, the rock shall meet 
the following requirement: 

Per. cent.of wear... Stas not; more: than eit. . ee 
(or_trench coehicient =" 22s. not less’ than! 222 ) 

The screenings shall be well graded from coarse to fine and 
when tested by means of laboratory screens and sieves shall meet 
the following requirements: 


Per cent. 

Passing +-inch screen______--___ notrless Asn: /uios ees 
Passing 20-mesh and retained on 50-mesh 

Sléve: 22 84) OS NS ee Se ee eee 19:24 32 

Passing 100-mesh sieve______- not more. than. en 648=2= 


When that portion of the screenings which passes a one-quarter 
inch laboratory screen is mixed with Portland cement in the 
proportions of 1 part of cement to 3 parts of screenings, by weight, 
according to standard methods of making 1:3 mortar briquets, 
the resulting mortar at the age of 7 and 28 days shall have a 
tensile strength of at least __--~-~- 7 per cent of the strength de- 
veloped in the same time by mortar of the same proportions 
made of the same cement and Ottawa sand. . 

Preliminary acceptance samples shall be subjected to both 7 and 
28 day tests and acceptance based thereupon. Samples tested 
during the progress of the work will be accepted on the basis of 
the 7-day test. 

Stone shall be sampled for quality in accordance with the 
method described on page ------ , paragraphs 2s , of these 


* It is recommended that a %-inch screen be specified here. 
+ It is recommended that the minimum strength ratio be 90 per cent 
for this purpose. 
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specifications. Stone or gravel screenings shall be sampled for 
grading in accordance with the method described on page —_____ 5 
paragraphs ______ , of these specifications. 

Tests of the physical properties of stone shall be made in ac- 
cordance with the method described or referred to on page ______ 


of these specifications, test No. _____-. Tests of the grading of 
screenings shall be made in accordance with the method described 
or referred to on page —----- of these specifications, test No. 


Methods of 
testing. 


SPECIFICATION FOR COMBINATIONS OF DUSTLESS SCREENINGS AND SAND FOR 
FINE AGGREGATE FOR PORTLAND-CEMENT CONCRETE WEARING SURFACE. 


The fine aggregate may be composed of a combination of dust- 
less screenings and sand, but shall contain not more than ______ * 
per cent, by volume, of dustless screenings. 

The dustless screenings shall consist of material obtained by 
crushing hard, durable rock, or gravel, all of which when dry 
shall pass a revolving screen having circular openings three- 
eighths-inch in diameter. They shall be free from lumps of clay 
and, at the time of use, from lumps or crusts of hardened ma- 
terial. 

The sand shall consist of clean, hard, durable, uncoated par- 
ticles, preferably siliceous, well graded from coarse to fine, and 
free from lumps of clay and all organic matter. 

If the dustless screenings are produced from rock, the rock 
shall meet the following requirement: 


Pemeeer tr Ol Wenie= 2 2.0 on not more than -____ 

(or French coefficient_____________ not less than  --___ ) 

The dustless screenings shall be well graded from coarse to 

fine, and, when tested by means of laboratory screens and sieves, 
shall meet the following requirements: 


Per cent. 

Passing 1/4-inch screen_________-___- not less than  ___-__ 
Passing 20-mesh and retained on 50-mesh 

SE a a Ne ep em LOY See = 

Passing 100-mesh sieve____.__-________ not more than 5 


The mixture of screenings and sand shall contain no particles 
which would not pass a revolving screen having circular openings 
not greater than three-eighths-inch in diameter. When tested by 
means of laboratory screens and sieves it shall meet the follow- 
ing requirements: 


Per cent, 

Passing 1/4-inch screen__ -_-_________ not less than _____ 
Passing 20-mesh and retained on 50-mesh 

ST CNC meaner eae oe ees ee ee eee eS 10 yea Ces 

*Total passing 50-mesh sieve____---___ not morethan ____. 

tPassing 100-mesh sieve_______________ not morethan ______ 

Not more than ______ per cent by weight shall be removed by 


the elutriation test. 


* The figure 50 is recommended. ah 

+ It is recommended that 25 per cent be specified as the amount per- 
mitted to pass a 50-mesh sieve. 

~It is recommended that 5 per cent be specified as the quantity per- 
mitted to pass a 100-mesh sieve. 


General. 


Physical prop- 
erties, dustless 
screenings. 


Grading of 
dustless screen- 
ings. 


Grading of 
mixture. 
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Mertar 
strength test. 


Methods of 
sampling. 


Methods of 
testing. 


General. 


Physical prop- 
erties. 


Dimensions. 


Visual inspec- 
tion, 


When that portion of the combined dustless screenings and 
sand which passes a one-quarter-inch laboratory screen is mixed 
with Portland cement in the proportion of 1 part of cement to 
3 parts of the combination, by weight, according to standard 
methods of making 1:3 mortar briquets, the resulting mortar at 
the age of 7 and 28 days shall have a tensile strength of at least 
ANS Phe) * per cent of that developed in the same time by mortar 
of the same proportions and consistency, made of the same cement 
and Ottawa sand. 

Preliminary acceptance samples shall be subjected to both 
7 and 28-day tests, and acceptance based thereupon. Samples 
tested during the progress of the work will be accepted on the 
basis of the 7-day test. 

Stone shall be sampled for quality in accordance with the 
method described on page —----- saparagraphs)-_2=.2 , of these 
specifications. Dustless screenings and mixtures of the dustless 
screenings and sand shall be sampled for grading in accordance 


with the method described on page ~_____ , paragraphs 22a , of 
these specifications ; and sand shall be sampled in accordance with 
the method described on page ~__-__ , Daragraphs'— 22-2 , of these 


specifications. 

Tests of the physical properties of stone shall be made in ac- 
cordance with the method described or referred to on page ______ 
of these specifications, test No. ______. Tests of the grading of 
dustless screenings and of the combination of dustless screenings 
and sand shall be made in accordance with the method described 
or referred to on page _____ of these specifications, test No. ____-. 


NotrEe.—It is recommended that volumetric analyses be reported 
by the laboratory to facilitate field control. 


SPECIFICATION FOR STONE BLOCK. 


sized grain, showing an even distribution of constituent minerals. 
They shall be of uniform quality and texture throughout, and 
free from seams, scales, or disintegrated material. 

Sample blocks shall meet the following requirements: 


Per centvef wear. 22-2 not more than —______ 

(or Hrench. coemcient_ =.= not less than _____ ) 
FIA raneSS — 2 es ee ee eee Log Soe 

The blocks shall meet the following requirements: 
Inches. 

Tren SEN OU. COW a re a Ree ee f0~ 32 
Width “on: ‘top. 2 ea ee eee (0 papain 
1 B=) 6) A pe een iene re ae dy Pe Nah 2 SF eta ~ eee ikea! TOee 


The stone block shall be subjected to inspection subsequent to 
delivery at the place of use, prior to and during laying, in order 
to cull out and reject those which fail to conform with the general 


*It is recommended that the strength ratio be 100 per cent for this 
purpose. 


a 
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and dimension clauses and the following requirements of this 
specification.* 

The blocks shall be so dressed that when laid as specified 
measurement of any joint shall show a width of not more than 
Bpesbitnt 3 inch for a depth of ______ inches or a width of not more 


salvar 2 Nes inch in any part of the joint. 


The wearing surface of the blocks shall show no depressions 


~ more thany 2222 = inch deep, and the edges and corners shall be 


unchipped and unbroken. 

Stone block shall be sampled in accordance with the methods 
described on page ______ , paragraph ______ , of these specifications, 
and tests of physical properties shall be made in accordance with 
the methods described or referred to on pages ~_____ of these 
specifications, tests Nos. _.____. 


Methods of 
sampling and 
testing. 


SPECIFICATION FOR BROKEN SLAG FOR WATER BOUND MACADAM. 


The broken slag shall consist of angular fragments of 
(insert types allowable) slag, reasonably uniform in density and 
quality, free from metallic iron, thin or elongated pieces, dirt, or 
other objectionable matter. 


The slag shall meet the following requirements: 


Weight per cubic foot__________ not less than ~_-___ pounds, 
CTC CI Oe Wwe aie So hg SS toys 
(Comebrenchacoeiicient. 2 os a ee Ops eee! ) 


That portion of the product of the crusher, including the dust 
of fracture, which, when tested by means of laboratory screens, 


will meet the following requirements: 
Per cent. 
Passing 2-2 = — PCHeSCreen oe Ce ee 


Total passing ______ IMCHCSCPECN 2 2 hese ee eek nae hOp ee 

That portion of the product of the crusher which, when tested 

by means of laboratory screens, will meet the following require- 
ments: 


Per cent. 
Passing 2 ineh-sereen += 22. es 100 
Total passing ~_____ iNChiSCreenh sees ees Lee tore 
Retained on ______ inch screen____________ 100 


That portion of the product of the crusher which, when tested 
by means of laboratory screens, will meet the following require- 
ments: 


Per cent. 

Passing ~_____ inchy. SCreens 22 os 2 a 100 
Total passing ~____- Inch Screen 2 Le ee ee CQOtL 
Retained on ______ inch screen____________ 106 
The slag shall be sampled for quality and size in accordance 
with the method described on page —-___- , paragraphs —____- , of 


these specifications. 

The tests of the physical properties and sizes of the slag shall 
be made in accordance with the methods described or referred 
to on pages ______ of these specifications, tests Nos. ~-_-_-. 


* This sentence has been inserted as a matter of editing, in order to 
make the requirements conform in principle with the specification for 
brick recommended by the conference. 


General. 


Physical prop- 
erties, 


A Screenings or 
No. —. slag. 


Top course or 
No. —— slag. 


Bottom course 
er No. —- slag. 


Method of sam- 
pling. 


Methods of 
testing. 
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SPECIFICATION FOR BROKEN SLAG FOR BITUMINOUS MACADAM. 


General. The broken slag shall consist of angular fragments of 
_........(insert types allowable) _.Slag, reasonably uniform in 
density and quality, free from metallic iron, thin or elongated 
pieces, dirt, or other objectionable matter, occurring either free 


or as a coating on the slag. 


Physical prop- The slag shall meet the following requirements: 
ae Weight per cubic foot________ not less than ______ pounds. 
Per; cent pofiweatas<c ns Ad» ee fonne not more than  ______ 
(or French coefficient_____________ not less than _____ ) 
= ' 2 nee or That portion of the product of the crusher which, when tested 
by means of laboratory screens, will meet the following require- 
ments: 
Per cent. 
Passing #22 =inch- screen]. 23 2 eee 100 
Total passing ______ “INCH SCTECIN Es: ee oe eR areas eee | i aoe 3 
Retained on ______ -inch ‘Screens 2 St 100 
Reo ae or That portion of the product of the crusher which, when tested 
by means of laboratory screens, will meet the following require- 
ments: 
Per cent. 
PASSing eee -inch "Ssereen 222 eee 100 
Lotal passing 4222228 “inch stréen= os see 10 ee 
Retained on ______ =inch ‘screens 2). 100 
or No “wise ~—-—Ss' That portion of the product of the crusher which, when tested 
by means of laboratory screens, will meet the following require- 
ments: 
Per cent. 
Passing ee “nich (screen .o ea eee 100 
Total passing ~____- “Inch Screen 274 Wiles sale tees Bt A Oe 
Retained on —_____ ‘inch ‘sereqn 2 2 100 
Sines ne Slag shall be sampled for quality and size in accordance with 
the method described on page ~-____- , Paragraphs =.= , of these 
specifications. 
re he a of Tests of the physical properties and sizes of the slag shall be 
made in accordance with the methods described or referred to on 
DBAZOS: 2S of these specifications, tests Nos. _-_-__. 


SPECIFICATION FOR BROKEN SLAG AGGREGATE FOR LARGE AGGREGATE 
BITUMINOUS CONCRETE. 


General. The broken slag aggregate shall consist of angular fragments of 


quality, free from metallic iron, thin or elongated pieces, dirt, or 
other objectionable matter, occurring either free or as a coating 


on the slag. 
Physical prop- The slag shall meet the following requirements: 
steed Weight per cubic foot___-_______- not less than ______ pounds 
Per cent ‘of wears. 0) 22 not morethan —__-__ 
(or French coefficient_____.______— not less than  -____ ) 
Grading. The broken slag aggregate, when tested by means of laboratory 


screens, shall meet the following requirements: 
Per cent. 


Passing (the largest size selected) inch screen_ 100 


ee eeeeeececccecons scscsssccosssscosess 
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| Per cent. 


and retained on _ (the second largest size 


Selected) einen: SCreen fs 2 ai ee ee RO etek ee 


SO) EN SNS Be oe Oa 
*Passing, FES Oe sal NS AE RS ec at fi 
Slag shall be sampled for quality and grading in accordance Method of sam- 
with the method described on page ___-__~- , paragraphs —_____ , Of piling. 

_ these specifications. 
i Tests of the physical properties and grading of the slag shall be Methods of 
| made in accordance with the methods described or referred to on ‘esting. 
pages ~_.-_. of these specifications, tests Nos. ~-____. 


SPECIFICATION FOR BROKEN SLAG FOR COARSE AGGREGATE FOR PORTLAND- 
CEMENT CONCRETE BASE. 


| The broken slag aggregate shall consist of fragments of air-cooled General. 
| (insert types allowable) slag, nonglassy in character, which shall 
4 have been exposed to the weather for a period of at least ______ i 
| prior to use. It shall be clean, hard, tough, and durable, free 
from soft, thin, elongated, or laminated pieces, and shall contain 


no vegetable or other deleterious matter. 


The slag shall meet the following requirement: cee Prop: 
Weight per cubic foot__________~_ not less than ______ pounds. 
The broken slag aggregate shall be graded from coarse to fine, Grading. 


and when tested by means of laboratory screens shall meet the 
following requirements: 


Per cent. 
Passing = TTVCMS SCLC sees Lee 2 DUS 18d ak 100 
Passing‘ 22 Inch screen 2222 not more’ than 22.02 
The slag shall be sampled for quality and grading in accordance suelmud of sam- 
with the method described on page ______ , paragraphs _____- eo hee 


of these specifications. 
-@ The tests of the physical properties and grading of the slag Methods of 


shall be made in accordance with the methods described or re- '°S!#S: 
ferred to on pages ____-_ of these specifications, tests Nos. ______. 
SPECIFICATION FOR GRANULATED SLAG FOR CUSHION. 

The granulated slag shall consist of clean, sharp, gritty parti- General. 
cles of water-cooled (insert types allowable) slag, all of which shall 
Pass. a Loo = inch laboratory screen. 
_ The granulated slag shall be sampled for quality and size in Methods of 
accordance with the method described on page ______ , paragraphs eens aad 


Beer! , of these specifications; and the tests of its size shall be 
made in accordance with the method described or referred to on 
» bage ------ of these specifications, test No. _____-. 


* The number and sizes of screens and sieves may be continued as de- 
sired by the engineer. For 10-mesh sieve and finer the wording should be: 
"Passing? 20262" mesh sieve and retained on ~____-_ mesh sieve, _-____ to 
Sata The last requirement should be: Passing ~____. inch screen 
(or mesh sieve) not more than (or, not less than) _____-_. 
7 The conference recommends that the words “one year” be inserted. 
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SPECIFICATION FOR GRAVEL FOR PLAIN GRAVEL ROADS. 


General. The gravel shall be composed of hard, durable rock, of high 
resistance to abrasion,* together with sand and clay or other 
binding material, and shall be free from thin or elongated pieces. 

Grading. 1. For base course: 

(a) The gravel, when tested by means of 
laboratory screens, shall meet the 
following requirements: 
Per cent. 
Passe sa 222 -inch screen____ 100 
Total retained on 1/4-inch screen.  —--___ [Oe 
(b) The material retained on the 1/4-inch 
screen is known as coarse aggregate. 
The coarse aggregate, when tested 
by means of a laboratory screen, 
shall meet the following require- 
ment: 


Total retained “om =.= -inch 
SCTCON 23h a Ve een) ae ane ea ene tO SeSes 
(c) The material passing the 1/4-inch 
screen is known as fine aggregate. 
The fine aggregate, when tested by 
means of a laboratory sieve, shall 
meet the following requirement: 


Total passing 200-mesh sieve_.__. ~--___ tojcst 


2. For wearing course: 
(a) The gravel, when tested by means of 
laboratory screens, shall meet the 
following requirements: 


Passitiovg oe -inch screen____. 100 
Total retained on 1/4-inch screen. WJ -___ £0 a 
(b) The material retained on the 1/4-inch 
screen is known as coarse aggregate. 
The coarse aggregate, when tested 
by means of a laboratory screen, 
shall meet the following require- 
ment: 
Total retained on —__-__ -inch 
SCT CCH VA Soo ee ees eS isin AO ese 
(c) The material passing the 1/4-inch 
screen is known as fine aggregate. 
The fine aggregate, when tested by 


*The conference believes it highly desirable to specify definite test 
limits for the resistance of gravel to abrasion. The only State which 
has so far extensively employed an abrasion test for gravel is Ohio. 
Available test records, therefore, cover only gravels used in that State; 
and it is felt that sufficient data have not been obtained as yet to war- 
rant the use of an abrasion test clause in the gravel specifications of 
other States. The conference recommends that individual States make 
use of the Ohio test for the purpose of establishing limits which may 
be used later in specifying satisfactory gravels which are available for 
their highway work. A description of this test will be found on page 30. 


eer so 


ee 


— ——_—_-———.. 
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Per cent. 
means of a laboratory sieve, shall 
meet the following requirement: 
Total passing 200-mesh sieve___. ______ tomas nS 
The gravel shall be sampled for quality and grading in ac- 
cordance with the method described on page ______ , paragraphs 


aes of these specifications; and the grading of the gravel 
shall be determined in accordance with the method described or 
referred to on page _____- of these specifications, test No. ______. 
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Methods of 
sampling and 


testing. 


SPECIFICATION FOR GRAVEL AGGREGATE FOR LARGE AGGREGATE BITUMINOUS 


CONCRETE. 


The gravel aggregate shall consist of sound, hard, durable rock, 
of high resistance to abrasion,* and shall contain no particles of 
shale, slate, coal, or other materials which easily disintegrate. 
It shall be free from vegetable or other deleterious matter, and 
shall contain no soft, thin, or elongated pieces. 

The gravel aggregate, when tested by means of laboratory 


screens, shall meet the following requirements: 
Per cent. 


Passing (the largest size selected) inch screen_ 100 


size selected) inch screen_..--_-_--- = Oe 

The gravel shall be sampled for quality and grading in accord- 

ance with the method described on page ______ , paragraphs ____-_ é 

of these specifications; and the grading shall be determined in 

accordance with the method described or referred to on page 
of these specifications, test No. ___-_-_. 


General. 


Grading. 


Methods of 


sampling 
grading. 


and 


SPECIFICATION FOR GRAVEL FOR COARSE AGGREGATE FOR PORTLAND-CEMENT 


CONCRETE WEARING SURFACE. 


The gravel aggregate shall consist of sound, hard, durable rock 
of high resistance to abrasion,* and shall contain no particles of 
shale, slate, coal, or other materials which easily disintegrate. It 
shall be free from vegetable or other deleterious matter, and shall 
contain no soft, thin, or elongated pieces. 


* The conference believes it highly desirable to specify definite test 
limits for the resistance of gravel to abrasion. The only State which 
has so far extensively employed an abrasion test for gravel is Ohio. 
Available test records, therefore, cover only gravels used in that State, 
and it is felt that sufficient data have not been obtained as yet to war- 
rant the use of an abrasion-test clause in the gravel specifications of 
other States. The conference recommends that individual States make 
use of the Ohio test for the purpose of establishing limits which may 
be used later in specifying satisfactory gravels which are available for 
their highway work. A description of this test will be found on page 30. 

7 The number and sizes of screens and sieves may be continued as 
desired by the engineer. For 10-mesh sieve and finer, the wording should 


be: Passing ~_____ mesh sieve and retained on ______ mesh sieve, ____-_ 
to,et es The last requirement should be: Passing  ~.____ inch screen 
(or mesh sieve) net more than (or not less than) ~--~-.. 


3 
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Grading. 


Metheds of 
sampling and 
grading. 


The gravel aggregate, when tested by means of laboratory 


screens, shall meet the following requirements: Per cent. 
Passing; = inch Serecn yt “eh airy ee 100 
Passing 2 2 ass inch screen and retained on 
Y%-inehscreen. yjiiei it hbatunnn alle pie are te AG k - 
Passing 1/4-inch screen______ not; more! thane)! «ity somehow 


The gravel shall be sampled for quality and grading in accordance 
with the method described on page ______ , paragraphs 22> = OL 
these specifications; and the grading shall be determined in ac- 
cordance with the method described or referred to on page 
of these specifications, test No. ______. 


SPECIFICATION FOR SEMIGRAVEL, TOP-SOIL, OR SAND-CLAY AGGREGATE FOR 


Definitions. 


Physical prop- 
erties, coarse ma- 
terial. 


Mechanical an- 
alysis of mate- 
rial passing 10- 
mesh sieve. 


Methods of 
sampling and 
testing. 


ROAD SURFACING. 

The terms clay, silt, sand, and coarse material, used in this 
specification, are defined as follows :* 

Clay: Material separated by subsidence through water and 
possessing plastic or adhesive properties, generally below 
0.01 mm. diameter. 

Silt: Fine material, other than clay, which passes a 200-mesh 
sieve, generally from 0.07 to 0.01 mm. diameter. 

Sand: Hard material, usually siliceous, which passes a 10- 
mesh sieve and is retained on a 200-mesh sieve, generally 
from 1.85 to 0.07 mm. diameter. 

Coarse material: Hard material of gravelly nature, retained 
on a 10-mesh sieve, i. e., more than 1.85 mm. diameter. 

The coarse material, if any, of the aggregate, shall consist of 
hard, siliceous material, free from feldspar, mica, schist, hardpan, 
or other soft, friable material, in excess of 5 per cent. 

The material which will pass a 10-mesh sieve, when subjected 
to mechanical analysis, shall meet the following requirements: 


Per cent. 

Clay 2 ke Ee ee OI SS 
SSE oot Re eS a bh a ee LOD le ee 
Total “Sane secs 4 a5 4 ce cones” neepregen the Sag LE et ee x Es 
Sand retained on 60-mesh sieve____________  _____- EO bs Sb 
The material shall be sampled in accordance with the method 
described on pages _____~ ,sparagraphs 2-25", of these specifica- 
tions; and the mechanical analysis shall be made in accordance 
with the methods described or referred to on page _____~ of these 


specifications, tests Nos. _-----. 


Note.—To cover the range of materials adaptable for road con- 
struction, it is recommended that roads of these types be divided 
into three classes, designated, Hard or Class A, Medium or Class 
B, and Soft or Class C, according to the mechanical analysis of 
the material which is to be specified for use. The limiting per- 
centages of the constituents suggested for the three classes are 
as follows: 


Hard or | Medium | soft or 
Class A. Clas B. Class C. 


Per cent. | Per cent. | Per cent. 


Clay. 0. ris. Bh ee es 8 9 to 15] 15 to 25} 10 to 25 
Se ie ee ey ee ee See eee 5 to 15 | 10 to 20 10 to 20 
TPOtaA SANG >. noc one ec ne ne ee ee es 65 to 80 | 60 to 70 | 55 to 80 
Sand retained on 60-mesh sieve..........---.---------- 45 to 60 | 30 to 45 | 15 to 30 


* The definitions here given are intended to apply to these terms only 
when used in connection with roads of these types. 
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SPECIFICATION FOR SAND FOR SHEET ASPHALT. 
The sand shall be composed of sound, durable particles, free 
from a coating of clay or loam. 
When tested by means of laboratory sieves, it shall meet the 
following requirements: 


Per cent. 
Passing 10-mesh sieve________ hot less*than a7! 0) enews ores 
Passing 10-mesh and retained on 40-mesh 
Cy ere Fes ate I he la UO 2s 
Passing 40-mesh and retained on 80-mesh 
STS al gi i EA ar Oe ee ee TOs a 
Passing 80-mesh and retained on 200-mesh 
SCC mine te retaer MeN WL ee i rk fo ella a at 
Passing -200-mesh; Sieves 2. 2 eo EO: aca 
The sand shall be sampled for grading in accordance with 
the method described on page ______ SDALasrapns (wa , of these 
specifications; and tests of grading shall be made in accordance 
with the method described or referred to on page —-_--_ of these 
specifications, test No. _____-. 


Norre.—It is recommended that volumetric analyses be reported 
by the laboratory to facilitate field control. 


General. 


Grading. 


Methods of 
sampling and 
grading. 


SPECIFICATION FOR SAND FOR FINE AGGREGATE FOR PORTLAND-CEMENT 


CONCRETE BASE. 


The sand shall consist of clean, hard, durable, uncoated par- 
ticles, preferably siliceous, free from lumps of clay and all organic 
matter. 

It shall be well graded from coarse to fine and, when tested by 
means of laboratory screens and sieves, shall meet the follow- 


ing requirements: Per cent. 

Passing 1/4-inch screen... oe ie et 100 
Passing 20-mesh and retained on 50-mesh 

SHO MCiatae Tes eee LEY Pes) ee is a a (Oe 

*Passing 50-mesh sieve________ not more than 2:7. G27) oe ie 

Not more than ______ per cent by weight shall be removed 


by the elutriation test. 

When the sand is mixed with Portland cement in the proportion 
of 1 part of cement to 3 parts of sand, by weight, according to 
standard methods of making 1:38 mortar briquets, the resulting 
mortar at the age of 7 and 28 days shall have a tensile strength 
Ohaat (east a2 ¥ per cent of that developed in the same time 
by mortar of the same proportions and consistency, made of the 
same cement and Ottawa sand. 

Preliminary acceptance samples shall be subjected to both 
7 and 28-day tests, and acceptance based thereupon. Samples 
tested during the progress of the work will be accepted on the 
basis of the 7-day test. 


*It is recommended that the amount passing the 50-mesh sieve be 
limited to 30 per cent, or less, if practicable. 

7 It is recommended that the minimum strength ratio for this purpose 
be 70 per cent, or greater, if possible under existing conditions; and 
that where sands giving a 70 per cent strength ratio are not available 
the proportion of cement be increased so as to give that percentage. 


General. 


Grading. 


Mortar 
strength test. 
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Methods of 
sampling and 
grading. 


The sand shall be sampled in accordance with the method de- 
scribed on page ______ , paragraphs ______ , of these specifications ; 
and the grading shall be determined in accordance with the 


methods described or referred to on page ~__-_- of these specifi- 


cations, tests Nos. ~--_--. 


NotreE.—It is recommended that volumetric analyses be reported 
by the laboratory to facilitate field control. 


SPECIFICATION FOR SAND FOR FINE AGGREGATE FOR PORTLAND-CEMENT 


General. 


Grading. 


Mortar 
strength test. 


Metheds of 
sampling and 
grading. 


General. 


CONCRETE WEARING SURFACE. 


The sand shall consist of clean, hard, durable, uncoated parti- 
cles, preferably siliceous, free from lumps of clay and all organic 
matter. 

It shall be well graded from coarse to fine, and when tested by 
means of laboratory screens and sieves shall meet the following 


requirements: Per cent. 

Passing “1, -1nch’ “screen == 2 Ss 2a 2 eee lee 100 
Passing 20-mesh and retained on 50-mesh 

STG Vie Ss eee EN oT ee ee re to = = 

*Total passing 50-mesh sieve__notmorethan = = WJ _____ 

*Passing 100-mesh sieve_______ not more tian 7) ee eee 

Not more than —22--_ per cent by weight shall be removed by 


the elutriation test. 

When the sand is mixed with Portland cement in the proportion 
of 1 part of cement to 8 parts of sand, by weight, according to 
standard methods of making 1:8 mortar briquets, the resulting 
mortar at the age of 7 and 28 days shall have a tensile strength 
of at least ______ £ per cent of that developed in the same time 
by mortar of the same proportions and consistency, made of the 
same cement and Ottawa sand. 

Preliminary acceptance samples shall be subjected to both 7 
and 28 day tests, and acceptance based thereupon. Samples tested 
during the progress of the work will be accepted on the basis of 
the 7-day test. 

The sand shall be sampled in accordance with the method de- 


scribed on page ______ , paragraphs ______ , of these specifications ; 
and the grading shall be determined in accordance with the meth- 
ods described or referred to on page ______ of these specifications, 
tests (Nes. 24454, 


Note.—It is recqgnmended that volumetric analyses be reported 
by the laboratory to facilitate field control. 


SPECIFICATION FOR GROUTING SAND. 


The sand shall consist of clean, hard, durable, uncoated par- 
ticles, preferably siliceous, free from lumps of clay and all or- 
ganic matter. 


*It is recommended that 25 per cent be specified as the amount per- 
mitted to pass a 50-mesh sieve, and in localities where practicable that 
a smaller figure be used. 

+ It is recommended that 5 per cent be specified as the quantity per- 
mitted to pass. 

tIt is recommended that the strength ratio be 100 per cent for this 
purpose. 
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It shall be well graded from coarse to fine and, when tested Grading. 
by means of laboratory screens, shall meet the following re- 
quirements: 

Per cent. 
Passing 228 2h. Zl mmeshysie viet i Airy fics mot lessitham (1450 Ge T 
Passing 100-mesh sieve________________ not more than ______~ 

Not more than ______ per cent by weight shall be removed by 

the elutriation test. 


When the sand is mixed with Portland cement in the propor- 
tions of 1 part of cement to 8 parts of sand by weight, according 
to standard methods of making 1:3 mortar briquets, the resulting 
mortar at the age of 7 and 28 days shall have a tensile strength 
of ab Least — 32 yc: ~ per cent of that developed in the same time 
by mortar of the same proportions and consistency, made of the 
same cement and Ottawa sand. 

Preliminary acceptance samples shall be subjected to both 7 
and 28 day tests, and acceptance based thereupon. Samples tested 
during the progress of the work will be accepted on the basis of 
'* the 7-day test. © 
The sand shall be sampled in accordance with the method de- Methods of 
| scribed on page ______ , paragraphs ______ , of these specifications ; Seatinehe oud 
and the grading shall be determined in accordance with the 
methods described, or referred to, on page ______ of these speci- 
fications, tests Nos. ~-___-. 


Morta 
strength test. 


5 


Nore.—It is recommended that volumetric analyses be reported 
by the laboratory to facilitate field control. 


SPECIFICATION FOR SAND FOR CUSHION. 


The sand shall pass a —_____ inch laboratory screen, and not Grading. 
fess) than 728 ts per cent shall pass a 20-mesh sieve. The ma- 
terial removed by the elutriation test, consisting chiefly of clay 
and loam, shall not exceed ___-___ per cent by weight. 
The sand shall be sampled in accordance with the method de- Methods of 
4 scribed on page ______ DAT ASLAN Me: , of these specifications ; tiene anid 
, and the grading shall be determined in accordance with the 
methods described, or referred to, on pages ______ of these speci- 
fications, tests Nos. ______. 


Nore.—It is recommended that volumetric analyses be reported 
by the laboratory to facilitate field control. 


SPECIFICATION FOR MINERAL FILLER. 


The mineral filler shall consist of (insert types allowable) General. 


It shall be free from foreign or other objectionable material and 
when tested by means of laboratory sieves shall meet the follow- 


ing requirements: Per cent. 
a Passing ______ eneshi Sieve’: 201) DSN) PA Mean 100 
assin gy. 2 Lo! lest SICVes cuir is ies not less than) oes 


* It is recommended that a 10-mesh sieve be specified. 

1 Ninety-five per cent is recommended for this purpose. 

£It is recommended that 65 per cent be the minimum allowable 
Strength ratio, and that in localities where practicable a higher strength 
ratio be specified. 
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Methods of 
sampling and 
grading. 


The mineral filler shall be sampled for quality and grading in 


accordance with the method described on page ______ , para- 
Srp. , of these specifications; and the grading shall 
be determined in accordance with the method described or re- 
ferred to on page —_____ of these specifications, test No. ---u__. 


SPECIFICATION FOR ROAD OILS FOR COLD APPLICATION. 


General. 


Physical and 
chemical proper- 
ties. 


Methods of 
testing. 


General. 


Physical and 
chemical proper- 
ties. 


The road oil shall be homogeneous and free from water. 
It shall meet the following requirements: 


ie Specific jeravity '25°/25*:- C.uCTCVTE Poy ete Z 
2. Flash point, not less than ______ OS GS YT Ps suey 
foril dh ix “iOofsh Te * BY) t6°4_ a — °-6.-(._ 38 ° F.)*] 
3. Specific viscosity at _____ SECO a St Shins Oot 3 fe200). MAE 
4. Loss at 163° C. (325° F.), 5 hours, not more than ______ qo. 
(er i224 10} ike per cent.*) 
=(a) Float test of residue at 50° C. (122° F.), 
Be 4a Pgh Os aw sec. 
5. Total bitumen (soluble in carbon disulphide) not less than 
TS Sad per cent. 
6. Per cent of total bitumen insoluble in 86° B. naphtha, 
eT: ae ae 


Tests of the physical and chemical properties of the road oil 
shall be made in accordance with the methods described or re- 
ferred to on page ______ of these specifications, tests Nos. ______. 


Notes.—(1) In some instances it may be considered desirable 
to include a requirement for loss at 105° C. (221° F.), in which 
case the wording should be: Loss at 105° C. (221° F.), 5 hours, 
not less than ______ per cent. 

(2) In some instances it may be considered desirable to in- 
clude a requirement for the percentage of residue of ______ pene- 
tration, in which case the wording should be: Percentage of 
residue of ______ penetration, ______ iQ 

(3) In certain cases the inclusion of all the tests listed or noted 
may not be desirable, but it is necessary to use certain combina- 
tions of the tests in order to secure a material suitable for a 
specified purpose. : 


SPECIFICATION FOR ROAD OILS FOR HOT APPLICATION. 


The road oil shall be homogeneous, free from water, and shall 
not foam when heated to ______ 5M. Apert ins a Bt) 3 
It shall meet the following requirements: 
i. “Speciic STaVity 29772) CO. ie 7A) My ee io - Soee 


* In cases where the presence of a volatile or light flux is desired the 
second form of the flash-point requirement and of the loss at 163° C. 
requirement should be used; in aJl other cases the first form of require- 
ment is applicable. 

7 It is recommended that the viscosity determination be made at 
25° C. (77° F.) or 40° C. (104° F.), according to the nature of the 
product desired. 

~In case the oil is to be used as a dust layer only, this requirement 
is to be omitted. 


| 
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2 Mash point, not less than’: 22)..2 Boe Oe (a aL hy BY), 
hone ee Teak OH Galea Sa) tov7 ee Ba Glia Beale ro OG aoe] 
3. Specific viscosity at 100° C. (212°RF.) __ LL tO 
AP Mioatest at. <_- bea OA ear Geese BL i ee A eee tO sec, 
HIuLoss at 163° C...(325° EF.), 5 hours, not’more‘than = _-— a 
per cent 
(OT Ee Eas COM EE per cent.* ) 
(a)Hloat stest .of residue 50° ©. (122°°R)), 2-2. to 
sie a see. 
[or penetration of residue at 25° C. (77° F.), 
LOO RID SCC se. LOR oe ] 
6. Total bitumen (soluble in carbon disulphide) not less than 
ohohS UES per cent. 
7. Per. cent of total bitumen insoluble in 86° B. naphtha, 
lala toy 2 re, 


Tests of the physical and chemical properties of the road oil 
shall be made in accordance with the methods described or re- 
ferred to on page ______ of these spectifications, tests Nos. ______. 


Notrres.—(1) In some instances it may be considered desirable 
to include a requirement for the percentage of residue of ______ 
penetration, in which case the wording should be: Percentage of 
residue of == penetrations. =.= COR re per cent. 

(2) In certain cases the inclusion of all the tests listed or noted 
may not be desirable, but it is necessary to use certain combina- 
tions of the tests in order to secure a material SUhElole for a 
specified purpose. 


Methods of 
testing. 


SPECIFICATION FOR ASPHALT CEMENTS FOR USE IN BITUMINOUS MACADAM, 
BITUMINOUS CONCRETE AND SHEET ASPHALT, OR AS SEAL COAT OR POURED 


JOINT FILLER. 


The asphalt cement shall be homogeneous, free from water, and 


shall not foam when heated to ______ SOS) (Caoree a OE 
It shall meet the following requirements: 
je Speciieneravity, 2)./25 C2 (102/10 BN.) es CO ec 
22 lash: = poi not: oless:; than: 221) 2) °C. (———F.). 
3. Melting point, .____ */ Oe (ie. a ae PEO to 723.7 ik MOY CE i Os J 
(or ductility at ______ PGA Gaient it ° F.), not less than 
nope Be Gms Gor: Oto, Yo em:) 
, 4. Penetration’ at D5raiC a ( Gah), AGO Net Sissee!) bos 
EO as ES 


*In cases where the presence of a volatile or light flux is desired, the 
second form of the flash-point requirement and of the loss at 163° C. re- 
quirement should be used; in all other cases the first form of requirement 
is applicable. 

7 It is recommended that the float test be made at 32° C. (90° F.) or 
50° C.) (122° F.), according to the nature of the product desired. 

+ In some instances it may be desirable to insert a requirement for 
penetration at the temperatures of 0°C. (82°F.) and 46.1°C, (115°F.) in 


which cases the clauses would read as follows: Penetration at 0°C, 


(382°F.), 200 g., 60 sec, ~--__- TO) feb. SEBS » or not less than _____-. 
Penetration at 46.1°C. (115°F.), 50 g., 5 sec, --_-__ HO) eee 5 os SE » Lor not 
more than ~.i___ 15 


General. 


Physical and 
chemical proper- 
ties. 
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Method of test- 


ing. 


General. 


Physical and 
chemical proper- 
ties. 


Methods of 
testing. 


5. Loss at 163° C. (325° F.), 5 hours, not more than 
per cent. 
(a) Penetration of residue at 25°C. (77°F.), 100 g., 5 
see. not less ‘than’ seat 
6. Total bitumen (soluble in carbon disulphide) not less 


[RC CET: 6 Menem per cent. 

(a) Organic matter insoluble, not more than ______ 
per cent. 

(b) Inorganic matter insoluble, not more than ~____ 
per cent. 
(Ogee £O) #54 per cent). 


Tests of the physical and chemical properties of the asphalt 
cement shall be made in accordance with the methods described, 
or referred to on page ~~ _ of these specifications, tests 
NOSE Ys aes 5 


NotTEes.—(1) In some instances it may be considered desirable 
to include an 86° B. naphtha solubility clause, in which case the 
wording should be: Per cent of total bitumen insoluble in 86° B. 
naphpha os == EO, ese per cent. 

(2) In some instances it may be considered desirable to in- 
clude a fixed carbon requirement, in which case the wording 
should be: Fixed carbon, __-___ SLO gees per cent. 

(3) In certain cases the inclusion of all the tests listed or noted 
may not be desirable, but it is necessary to use certain combina- 
tions of the tests in order to secure a material suitable for a 
specified purpose. 


SPECIFICATION FOR TARS FOR COLD APPLICATION. 


The tar shall be homogeneous. 
It shall meet the following requirements: 


1. Specific gravity 25°/25° ©. (10° /1” B.y, Ss foal =. 

2. ISPECLUC VISCOSILY/ Deg. Mee i See ip =a 
38. Total distillate by weight: 

Ter cent. 

To 170° C..(888">9:i not more: than _o!t Joa fata Ap 

T0235". Gk (4557. Xj) not morethen? ses wee ee 

TO 270" G. (518° 2D) nekanoresthanss alee 

To 300°_C. (572°. E.), not more thansia sare 

(a) Melting point of residue ___-_-~_ Mtr, Cet (ee oe ne 

£O. SEBEL Se AOS Mice 2 cater. Paes) 

4. Total bitumen (soluble in carbon disulphide, —~--__~ to 

= per cent. 


Tests of the physical and chemical properties of the tar shall 
be made in accordance with the methods described, or referred 
to, on page ____~~- of these specifications, tests Nos. _-----. 


NorEes.—(1) In some instances it may be desirable to insert a 
specific gravity of distillate requirement after the melting point — 
requirement, in which case the wording should be: (b) Specific 
gravity of total distillate 25°/25° C. (77°/77° F.), ----- tortseee: 

(2) In some instances it may be considered desirable to insert 
a requirement for solubility in dimethyl sulphate of one or more 
fractions of the distillate. In such cases insert as follows: 
Solubility in dimethyl sulphate of distillate from -~-_~_~ eu: 
‘(eens gee: ER re et i ihe, © Olen (ee sae US, epeeee cos? Tye Mites per 


*It is recommended that the viscosity determination be made at 
25° C. (77° F.) or 40° C. (104° F.), according to the nature of the 
product desired. ; 
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SPECIFICATION FOR REFINED TARS FOR USE IN BITUMINOUS MACADAM AND 
BITUMINOUS CONCRETE, OR AS SEAL COAT OR FOR HOT APPLICATION. 
General. 


The refined tar shall be homogeneous and free from water. 
Physical and 


It shall meet the following requirements: 
chemical preper- 

Lee Specnicseravityy2°/2)> ©. (1/1 By oe tO). wie: ties. 

2. Float test at _.o___ Oye (EAs: els CL) pagel nae Coe sceike sec, 
3. Total distillate by weight: 

Per cent 
Mosi(Om Ca ( Soon), NOtzmMore than 022.08 fa ie ae 
Moo ors@ n(45oeqh.)) not moreithan..0-0 
Mor2 Ors: 5518. EY) not more than. 205 0 
Mo;300c9 C4 (572°: E.)..-not moreithan_ 28220225208 25. 
(a) Melting point of residue ______ rig Cart (es ae Y FEY) to 
ce ales ued. Os Uk Fugen Bs) 
4. Total bitumen (soluble in carbon disulphide), —~_____ to 
Ciecay as per cent 


Tests of the physical and chemical properties of the refined featiees oe of 


tar shall be made in accordance with the methods described, or 
referred to, on page ____~ of these specifications, tests Nos. ___--. 


Notes.—(1) In some instances it may be desirable to insert a 
specific gravity of distillate requirement after the melting point 
requirement, in which case the wording should be: (0) Specific 
gravity of total distillate, 25°/25° C.) (77°/77° F.), --___ TO atte, 

(2) In some instances it may be considered desirable to insert 
a requirement for solubility in dimethyl sulphate of one or more 
fractions of the distillate. In such cases insert as follows : Solu- 
bility in dimethyl sulphate of distillate, from _____- raid Oi (goa eta sf 
BM toes Oe (Oh Se Gia ek te BY) Ses TO ees per cent. 

(3) In some instances it may be desirable to specify the spec‘fic 
viscosity of the material at the temperature applied. In such 


cases insert as follows: Specific viscosity, _-____ bat OM (sina Ce ane Ce 
accepacatern EOE Osea, 
SPECIFICATION FOR REFINED TAR FOR USE AS POURED JOINT FILLER. 


The refined tar shall be homogeneous and free from water. General. 


It shall meet the following requirements: 
Physical and 


ie Specihicvenavity.<25 /25° Cs (1/11. F.), 22283 toil Roa, i 
: ; : " F5 z chemical proper- 
Zee Melting, point: aa «Co x(a. 2° BW.) ton Coi( 22 BY), > ties. 
3. Total bitumen (soluble in carbon disulphide), ______ to 
ESE ae per cent. 
Tests of the physical and chemical properties of the refined tar Methods of 
shall be made in accordance with the methods described or re- estes: 
ferred to on page ______ of these specifications, tests Nos. ______. 


SPECIFICATION FOR PORTLAND CEMENT.} 


(1) Portland cement is the product obtained by finely pulveriz- Definition, 
ing clinker produced by calcining to incipient fusion an intimate 
and properly proportioned mixture of argillaceous and calcareous 
materials, with no additions subsequent to calcination except 
water and calcined or uncalcined gypsum. 


*It is recommended that the float test be made at 32° C. (89.6° F.) 
or 50° C, (122° F.), according to the nature of the product desired. 

* Conforming with the report of a joint conference representing the 
United States Government, American Society of Civil Engineers, and the 
American Society for Testing Materials, published in Bureau of Standards 
Circular No. 33, 3d edition, and in the 1916 Standards of the American 
‘Society for Testing Materials, p. 429, etc., Serial Designation C9-17. 


88979°—17—Bull. 555——4 
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Chemical 
limits. 


Specific gray- 
ity. 


Fineness. 


Soundness. 


Time of set- 
ting. 


Tensile 
strength. 


Packages and 
marking. 


Storage. 


I. CHEMICAL PROPERTIES. 


(2) The following limits shall not be exceeded: 


Per cent. 
LOSS OD) i 2RiMONS = 5 764 3 ee ee 4. 00 
‘Rnsoluble 7resi@ue 2 2 Ss ee eee . 85 
Sulphuric anhydride. (SOs) 2") = 2 oe ea ee 2. 00 
Maenesia CMs O RE Fe cr ie ee eee 5. 00 


II. PHYSICAL PROPERTIES. 


(3) The specific gravity of cement shall be not less than 3.10. 
Should the test of cement as received fall below this requirement, 
a second test may be made upon an ignited sample. The specific- 
gravity test will not be made unless specifically ordered. 

(4) The residue on a standard 200-mesh sieve shall not exceed 
22 per cent by weight.* 

(5) A pat of neat cement shall remain firm and hard, and show 
no signs of distortion, cracking, checking, or disintegration in the 
steam test for soundness. 

(6) The cement shall not develop initial set in less than 45 
minutes when the Vicat needle is used, or 60 minutes when the 
Gillmore needle is used. Final set shall be attained within 10 
hours. 

(7) The average tensile strength in pounds per square inch of 
not less than three standard mortar briquets composed of 1 part 
cement and 3 parts standard sand, by weight, shall be equal to or 
higher than the following: 


Tensile 
Age at . strength 
test Storage of briquets. per square 
inch. 
Days. Pounds. 
7 | 1 day in moist air; 6:daysinwater-.-2 122 os seee ee 200 
1 day in’ moist alr; 2/-days in water... -- 2) 3. Osean eee ae 300 


(8) The average tensile strength of standard mortar at 28 
days shall be higher than the strength at 7 days. 


III. PACKAGES, MARKING, AND STORAGE. 


(9) The cement shall be delivered in suitable bags or barrels 
with the brand and name of the manufacturer plainly marked 
thereon, unless shipped in bulk. A bag shall contain 94 pounds 
net. <A barrel shall contain 376 pounds net. 

(10) The cement shall be stored in such a manner as to permit 
easy access for proper inspection and identification of each ship- 
ment, and in a suitable weather-tight building which will pro- 
tect the cement from dampness. 


*The United States Government specification requires that on and 
after July 1, 1918, the residue on the 200-mesh sieve shall not exceed 
20 per cent by weight. 
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LV. INSPECTION. 


(11) Every facility shall be provided the purchaser for careful Inspection. 
sampling and inspection at either the mill or at the site of the 
work, aS may be specified by the purchaser. At least 10 days 
from the time of sampling shall be allowed for the completion 
of the 7-day test; and at least 31 days shall be allowed for the 
completion of the 28-day test. The 28-day test shall be waived 
only when specifically ordered.* 


V. REJECTION. 


(12) The cement may be rejected if it fails to meet any of the Rejection. 
requirements of these specifications. 

(13) Cement shall not be rejected on account of failure to meet 
the fineness requirement if upon retest after drying at 100°C. 
(212° F.) for one hour it meets this requirement. 

(14) Cement failing to meet the test for soundness in steam 
may be accepted if it passes a retest using a new sample at any 
time within 28 days thereafter. 

(15) Packages varying more than 5 per cent from the speci- 
fied weight may be rejected; and if the average weight of pack- 
ages in any shipment, as shown by weighing 50 packages taken 
at random, is less than that specified, the entire shipment may 
be rejected. 


The cement shall be sampled in accordance with the method de- Method of sam- 
: a p pling, 
scribed on page __-__- , paragraphs _____- , of these specifications. 
The cement shall be tested in accordance with the methods de- Methods of 
‘ : E testing. 
scribed, or referred to, on page —____~- of these specifications, 
tests Nos. ~-----. 


SPECIFICATION FOR PORTLAND-CEMENT CONCRETE FOR WEARING SURFACE. . 
(SUGGESTED CLAUSES FOR COMPOSITION AND CONSISTENCY.) 
The concrete shall be composed of 1 part of Portland cement Composition. 
so CFT OCG kepigedeeatetionah parts of fine and coarse aggregate, measured Sep- 
arately and accurately by volume, and combined in such propor- 
tions aS may be directed by the engineer, so as to give concrete 
of the greatest density and strength. The concrete shal! be 
mixed in the approximate proportions of 1 part cement, —-_--- 
parts fine aggregate, and ______ parts coarse aggregate. In no 
ease Shall the parts of fine aggregate be less than ______ y per 
cent nor more than ______ ~ per cent of the total parts by volume 
of fine and coarse aggregate. 
The consistency of concrete should be such that when deposited Consistency. 
it will settle in a flat mass, but will not flow on the subgrade. 
No tamping should be required, and no separation of the mortar 
7 from the coarse aggregate should occur in handling the concrete 
or in finishing the surface. 


* The conference recommends that in the application of this clause to 
working conditions the cement should not be held ordinarily pending the 
results of the 28-day test, but these tests nevertheless should be made 
invariably. 

} The figure 30 is suggested. 

{ The figure 40 is suggested. 
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GeneraL 


Chemical 
properties. 


Physical prop- 
erties. 


Modifications 
in elongatien. 


Weight. 


Storage. 


Methods ef 
sampling and 
testing. 


General. 


SPECIFICATION FOR STEEL REINFORCING RODS. 
Rods shall be (insert form selected)* gnqd (insert method of manu- 


physical requirements. Twisted bars shall be twisted with one 
complete twist in a length not over 12 times the thickness of the 
bar. 

Rods shall meet the following chemical requirements :¢ 


Phosphorus— 
Bessemer, not more than ____§ per cent. 
Open-hearth, not more than ____§ per cent. 


Rods shall meet the following requirements for physical prop- 
erties: 
Tension tests— 


Tensile strength, not less than ____§ pounds per square 
inch. 
Yield point, not less than ____§ pounds per square inch. 
Elongation in 8 inches, not less than ____§ per cent. 
Cold bend test without cracking— 
Thickness or diameter under #? inch, ____§°. 
Thickness or diameter ? inch or more ____§°. 


For plain and deformed bars over three-quarters inch in 
thickness or diameter, a deduction of 1 from the percentages of 
elongation specified in the foregoing table shall be made for each 
increase of one-eighth inch in the thickness or diameter above 
three-fourths inch. 

For plain and deformed bars under seven-sixteenths inch in 
thickness or diameter, a deduction of 1 from the percentages of 
elongation specified in the foregoing table shall be made for each 
decrease of one-sixteenth inch in thickness or diameter below 
seven-sixteenths inch. 

The weight of any lot of bars shall not vary more than 5 per 
cent from the theoretical weight of that lot. 

Steel rods shall be so stored as to prevent the formation of 
rust scales and when used on the work they shall be free from 
dust, dirt, loose rust, paint, oil, or grease. 

Rods shall be sampled in accordance with the methods de- 


scribed on page ______ , paragraphs; _.-> , of these specifications, 
and tested in accordance with the methods described or referred 
to on pages _____~ of these specifications, tests Nos. _---__. 


SPECIFICATION FOR VITRIFIED PAVING BRICK. 


All brick shall be of a size commercially known as “ vitrified 
block.” ‘They shall be thoroughly annealed, tough and durable, 
regular in size and shape and evenly burned. When broken the 
bricks shall show a dense, stonelike body, free from lime, air 


* Plain, deformed, hot or cold twisted, as may be desired. 

+ Rolled from new billets made by Bessemer or open-hearth process or 
rolled from standard section tee rails, as may be specified. 

t To be applied only to rods rolled from billets. 

§ The values given in American Society for Testing Materials Standards, 
1916, serial designation A15-14, for the particular kind of material de 
sired, are recommended for insertion in this table. 


| 
| 
| 
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pockets, cracks, or marked laminations. Kiln marks shall not 
exceed ______ of an inch, and the wearing surface shall show 
but slight kiln marks. 
Representative samples of the brick shall meet the following 
requirements when subjected to the rattler test: 
Average loss by abrasion on one or more tests, not more 
Glan geese. per cent. 
Maximum difference in per cent loss by abrasion when more 
than one representative sample is tested, not more than 


rg ieceu Sa per cent. 
A maximum of three tests will be used as a basis for re- 
jection. 
The bricks shall meet the following requirements: 
mene === == COU eee inches. 
Width) 222 TO Mewe a inches. 
Depth, 22. 2s EOs ese) het inches. 


Variations among bricks from a single plant shall not exceed 
the following limits: 


Variation in length, ______ inch. 
Variation in width, _--___ inch. 
Variation in depth, ~---_- inch. 


If the edges of the bricks are rounded, the radius shall not 
exceed __---- of an inch. 

Only bricks with lugs on one side, raised not less than ______ of 
an inch, nor more than ______ of an inch, shall be used. 

The bricks shall be subjected to inspection subsequent to de- 
livery at the place of use, prior to and during laying, in order 
to cull out and reject upon variations from the general and 
dimensions clauses and upon the following grounds: 

All bricks which are broken through, or chipped in such man- 
ner that neither wearing surface remains substantially intact, 
or in such manner that the lower or bearing surface is reduced 
in area by more than one-fifth. 

All bricks which are cracked to a depth greater than ______ -inch 
on any surface, or which are cracked on the wearing surface. 

All bricks which are so off-size or so misshaped, bent, twisted, 
or kiln-marked that they will not form a proper surface or align 
properly with other bricks. 

All bricks which are obviously too soft and too poorly vitrified 
to endure street wear. 

Bricks shall be sampled in accordance with the method de- 
scribed on page ______ of these specifications, and tested in 
accordance with the method described or referred to on page 
Bee ies of these specifications, test No. _-____. 


NotTe.—The committee does not recommend an absorption test 
for general use in specifications. If special conditions make such 
a test necessary, it may be specified. 


Rattler test. 


Dimensions. 


Visual in- 
spectien. 


Methods of 
sampling and 
testing. 


) 
: 
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RECOMMENDED STANDARD METHODS OF TESTING MATERIALS. 


TESTS OF PHYSICAL PROPERTIES OF STONE, SLAG, GRAVEL, 
AND SAND. 


(1) ABRASION TEST (PER CENT OF WEAR, OR FRENCH COEFFICIENT OF WEAR), 
STONE, STONE BLocK, AND SLAG: United States Department of Agriculture Bulle- 
tin 347, page 5. 

NoTEes.—(a) Attention is directed to the fact that tests of rock and slag 
for abrasion by the use of the Deval machine are not entirely satisfactory. 
The formation of a dust cushion in the cylinder partially prevents the abrasion 
of the stone. Sufficient data are not at hand to show the amount of wear when 
this dust cushion is removed after intervals of time. 

(6) It is hoped that laboratories will take up this test with the idea of de- 
veloping a coefficient of wear more nearly representative of the actual resist- 
ance of the stone. 

(c) It is desired to call attention to the fact that two methods of preparing 
the stone or slag are in use—viz, hand breaking and machine breaking, and 
furthermore to recommend that arrangements be made between States for con- 
ducting check tests for abrasion on portions of the same sample. 

(d) In testing light stone and light slag, it is recommended that some stand- 
ard volume be substituted for the standard weight of 5,000 grams. 

(e) In the case of stone block it is recommended that the laboratories co- 
operate to devise new methods of testing stone block to determine their suita- 
bility for pavements. 

(2) ABRASION TEST, SUGGESTED FOR GRAVEL: 

The aggregate is screened first through screens having circular openings 2 
inches, 1 inch, and 4 inch in diameter. The sizes used for this test are divided 
equally between those passing the 2-inch and retained on the 1-inch screen, 
and those passing the 1-inch and retained on the 4-inch screen. The material 
of these sizes is washed and dried. The following weights of the dried stone 
are then taken: 2,500 grams of the size passing the 2-inch and retained on 
the 1-inch screen, and 2.500 grams of the size passing the 1-inch and retained 
on the 43-inch screen. This material is placed in the cast-iron cylinder of the 
Deval machine as specified for the standard abrasion test on stone. Briefly de- 
scribed, this machine consists of a frame and two or more cylinders mounted 
at an angle of 30° with the axis of rotation. The cylinders are of the following 
size: 20 cm. diameter by 34 cm. deep, inside dimensions. Six cast-iron spheres 
1.875 inches in diameter and weighing approximately 0.95 pound (0.45 kg.) 
each, are placed in the cylinder as an abrasive charge. The iron composing these 
spheres, which are the same as those used in the standard paving brick rattler 
test, has the following limits of composition: 


Combined carbon, not under 2.50 per cent. 
Graphitic carbon, not over 0.25 per cent. 
Silicon, not over 1.00 per cent. 
Manganese, not over 0.50 per cent. 
Phosphorus, not over 0.25 per cent. 
Sulphur, not over 0.08 per cent. 


After the cast-iron spheres have been placed in the cylinder the lid is bolted 
on and the cylinder mounted in the frame of the Deval machine. The dura- 
tion of the test and the rate of rotation are the same as specified for the stand- 
ard test for stone, namely, 10,000 revolutions at a rate of 30 to 33 revolutions 
per minute. At the completion of the test the material is taken out and 
screened through a 16 mesh sieve. The material retained upon the sieve is 
washed and dried and the per cent loss by abrasion of the material passing 
the 16 mesh sieve calculated. 
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When the material has a specific gravity below 2.20 a total weight of 4,000 
grams instead of 5,000 grams shall be used in the abrasion test. 

(83) TouGHNEsS TEsT, STONE: United States Department of Agriculture Bulle- 
tin 347, page 15. . 

(4) HarpNeEss TEst, STONE AND STONE Brock: United States Department of 
Agriculture Bulletin 347, page 10. 

(5) Sprecrric GRAVITY AND ABSORPTION TESTS, STONE: 

The apparent specific gravity is obtained by weighing the water displaced 
by a sample of the material weighing approximately 1,000 grams, broken into 
pieces about 1} inches in diameter. (The vessel used is shown in figure 1.) 


“2! Galvanized 


- ae 
Note: Notch is filed across | 
lower end of spout ,/& (27 _| | 
to prevent drip.—--- marie ar | | 
2 brass pipe,Z2 long’ | 
= 
oS 
| | , 
G00 cc 
beaker 


Ni hree lugs soldered apy 
bottom symmetrically. 


i 


Fig. 1.—Vessel used in making specific-gravity and absorption tests. 


It consists of a galvanized-iron cylinder closed at one end, and measuring 
% inches in diameter by 8 inches high. A brass spout 4 inch in diameter is 
soldered into the side of the cylinder, 6 inches from the bottom. The spout 
is inclined at an angle of 2° with the horizontal and is 24 inches long. A 
notch is filed across its lower end, as shown, to stop the drip from the dis- 
placed water. In determining the specific gravity, the dried and cooled 
sample is weighed to the nearest 0.5 gram and immersed in water for 24 
hours. The pieces are then individually surface-dried with a towel, the sample 
reweighed, and immediately placed in the cylinder, which has been previously 
filled to overflowing with water at room temperature. 

The weight of water displaced by the sample is used to calculate its apparent 
specific gravity. 


1It is recommended that the laboratories cooperate with the view of devising an im- 
proved method for the determination of the hardness cf rock, especially in regard to the 
character of the abrasive used. 


- 
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The difference between the original weight of the sample and its weight 
after 24 hours immersion is used to determine the absorption. 

(6) WEIGHT PER CuBIC Foot TEST, SLAG: 

The dried slag shall be shaken to refusal in a cubic-foot measure or other 
Suitable container, and its weight determined. 


(7) Mortar-STRENGTH TEST, SCREENINGS AND SAND: A. S. T. M. Standard test ~- 


C9-17. 


SIZE, GRADING, OR MECHANICAL ANALYSIS OF STONE, SLAG, 
GRAVEL, SAND. 


(8) TEST OF SIZE OR GRADING OF COARSE AGGREGATE, STONE, SLAG, AND GRAVEL! 

A sample of the material weighing not less than fifty (50) times the weight 
of the largest size stone present is to be used. After drying at not over 110°C. 
(230°F.) to constant weight the sample is passed through such of the following 
size screens, having circular openings, as are required or called for by the speci- 
fications, screens to be used in the order na:ied: 38%-inch, 3-inch, 24-inch, 
2-inch, 14-inch, 1-inch, #-inch, 4-inch, and 4-inch. 

The percentage by weight, retained on each screen, is determined and the 
mechanical analysis is recorded in the following manner: 


Per cent. 

Passing 34-inch screen and retained on 38-inch screen_______________-___ ste 
Passing 3-inch screen and retained on 24-inch screen____-_-____________ a 
Passing 23-inch screen and retained on 2-inch screen___________________ Dive 
Passing 4-inch screen and retained on 34-inch screen____________-_ ame 
Passine Zinch’ Sercen. + =o" Se se ee eee eee pa BS 
100 


(9) WASHING TEST AND MECHANICAL ANALYSIS, ROAD GRAVEL: 

A sample of the material weighing not less than 50 times the weight of the 
largest size stone present is to be used. After thoroughly drying at 100° C. 
(212° F.) in a hot-air bath, the sample is cooled, weighed, and placed in a 
shallow pan. covered with water, and thoroughly agitated by means of a trowel 
for 15 seconds. After 15 seconds sedimentation the water is poured off through 
a 200-mesh sieve, and the operation of agitation, sedimentation, and decantation 
repeated until the wash water is approximately clear after 15 seconds. The 
washed material, together with any residue retained on the 200-mesh sieve, is 
then dried to constant weight, cooled and weighed and passed through such of 
the following size screens and sieves as are called for in the specification, using 
them in the order named. 

Screens (circular openings): 38-inch, 24-inch, 2-inch, 14-inch, 1-inch, ?-inch, 
4-inch, and -inch. 

Sieves A. S. T. M. standard method D7-16 (square mesh): 10, 20, 30, 40. 50, 
60, 80, 100, and 200 meshes per linear inch. 

The percentage by weight retained on each screen or sieve and based on the 
weight of the original sample is calculated, using for the determination of the 
percentage of material passing the 200-mesh sieve the sum of the weights of 
material passing this sieve by analysis and by washing. ; 

(10) ELuTrRIATIon Test, SAND oR FINE AGGREGATE: 

The entire sample is moistened and thoroughly mixed, and a sample weigh- 
ing approximately 105* grams is obtained for elutriation and grading by 
quartering or by selecting small portions from various parts of a flat pile. 
The sample is then dried at not over 110° C. (230° F.). This dried sample 
is accurately weighted and placed in a 500-cc.2 beaker, and about 350 cc.* of 
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water is added and agitated in such manner that no whirling results. After 
settling for 20 seconds the water is poured off through a 200-mesh sieve, and 
the operation of agitation, sedimentation, and decantation repeated until the 
wash water is approximately clear. Particles caught on the 200-mesh sieve 
are then washed back into the washed sample remaining in the beaker. The 
entire washed sample is dried to constant weight and accurately weighed, 
and the 

Original weight — final weight 


Per cent by elutriation= 
Original weight 


(11) MrecHANICAL ANALYSIS, SAND OR FINE AGGREGATE: 

All of the dried sample remaining after the elutriation test, if such is re- 
quired, is passed successively through the desired screens and sieves, begin- 
ning with either the largest or smallest as may be convenient. Where an 
elutriation test is not required, a dried sample of the original material is used. 

The percentage by weight, of the unwashed sample retained on each screen 
is determined, and the mechanical analysis is recorded according to one or 
both of the following methods. A screen with j-inch circular openings is 
used, together with square-mesh sieves as specified in A. S. T. M. standard 
method D7-16. 


Per cent. 
MoLraleretaimedson4-la Chi SCree@nr pags note Me EA ede ee be ules 


Passing 4-inch screen and retained on 10-mesh sieve____ Deh et a Ge) dete 
Passing 10-mesh sieve and retained on 20-mesh sieve_________-_--_-§_-§ Bes 
Passing 20-mesh sieve and retained on 30-mesh sieve________-__-_-_-- fee 
Passing 30-mesh sieve and retained on 40-mesh sieve_______-_-_-_- > Liars 
Passing 40-mesh sieve and retained on 50-mesh sieve______-_-_-_-_-_-_-_ aan 
Passing 50-mesh sieve and retained on 80-mesh sieve_______________ pee 
Passing 80-mesh sieve and retained on 100-mesh sieve___________-_-_-_- ee EE 
Passing 100-mesh sieve and retained on 200-mesh sieve______-_-_-_- al fa 
Passing 200-mesh sieve______. Minis neem ne. Fusiiey abe tibg wed SE OOS ak a ee 


EOE Lesa i gl ll lg i gat a gl li aa 03 Bini ase 100 


Per cent. 
Moralapassimen se M SCrCCM | os ee ed ee ee pone ed eed t D 


ROTM PAssimMeVOIMESNsSIEVG. 6 io eee ee ek ee cis ier 
Total passing 20-mesh sieve________ oa Be Be Soke ae Eee ot Pe Sey Rielly EN pi £ 
Motalepassmeao-meshs Sieve wi os se eS er Barbe 
otal passing 40-mesh Sieve. ea A Bian oe alec eA es, seg A ot i Ee 
ORAS ASSIA OUMMCSSICVEs 6 8 ye ee ts alin als aga as 
ROEM DASSIMeASO-IMeCSNSICVG. 2002 ee ee ee Se vinsae 
RotilepacsmelOO=mMeSh SiCVe ae a ei ee ee por stetiey 
MopalaMassime ZOU-MIeESNESIOVCs 0c rie Me eh ee a ha Bea fig aehs 
assim 2O0-meshasieve elutriation <9 2 ue ea es yas 


MECHANICAL ANALYSIS AND TESTS OF PHYSICAL PROPERTIES OF 
SEMI-GRAVEL, TOP-SOIL, AND SAND-CLAY AGGREGATES. 


INTRODUCTION BY THE COMMITTEE. 
The committee has been charged with consideration of that large range of 


natural soils and aggregates which lie below the usual classification of gravel, 
and which in the past 10 years have commended themselves to low-cost road 


1Tf the sand is so coarse that a 100-gram sample is not sufficient, the size of the 
sample, the container, and the amount of water used may be proportionally increased. 
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surfacing in various sections of the country. The terms sand-clay roads, top- 
soil roads, and semi-gravel roads have come into road literature as designat- 
ing various types of construction that utilize either natural surface soil, or 
subsurface deposits, or artificial mixtures wherein the chief ingredients are 
siliceous sands and natural clays. The abundant distribution of these two soil 
ingredients either separately in deposits or already mixed in many soils and sub- 
strata, has attracted attention and experiment to an extent which now justifies 
some attempt at classification and more definite statement of specifications and 
methods upon which satisfactory results may be predicated. 

The better known and more expensive road surfacing materials have had the 
benefit of long study and detailed specification as a basis for control of con- 
tract work. But much of the large mileage of the types herein considered 
has been constructed by force account and with comparatively recent study 
of the proper bases and considerations out of which systematic specifications 
and methods could be formulated. The prospect of Federal-aid contracts in 
various States makes it very desirable that some such standardization should 
now be attempted as a guide to expenditures in those States where such types 
of construction either now prevail or where conditions indicate their desira- 
bility and efficiency in connection with possible Federal-aid projects. 

The present state of knowledge regarding these materials is derived from 
the comparative study of the road history under traffic of such roads and the 
mechanical analyses of the constituent materials. The data secured indicate 
the necessity of classification and tests based upon a more complete separation 
of the ingredients than is usually given in a laboratory analysis. Special 
definitions of the terms “ sand,” “silt,” and “ clay ” are required, also a theory 
of their mutual interaction after consolidation. It is believed that the adhesive 
clay, acting as a binder in dry weather and as a stopper to capillary openings 
by swelling in wet weather, must be supplemented by the interlocking strength 
of the sand aggregate both in dry and in wet weather to support the weight 
and the wear of the traffic, while the nonadhesive silt gives aid to density and 
water resistance. The proportions and sizes of the sand content are highly 
important for the strength and wearing element. The clay, owing to its ex- 
pansion under wet conditions, should be present in minimum amount consistent 
with sufficient adhesion in dry weather, and the silt should form the inert 
filler for those voids not occupied by the clay. 

The thorough intermixing of the ingredients is a vital factor and a process 
of consolidation which will pack the loose mass from the bottom upward is of 
much consequence. 

A further conception of the action of this class of materials suggests that the 
fine aggregate passing a 10-mesh sieve may be regarded as a mortar capable of 
being used separately to form the road slab or of carrying any amount of 


‘ gravel or coarse aggregate up to the point where a complete gravel road is 


reached with this mortar as its binder. Experience has shown that the addi- 
tion of coarse material retained on a 10-mesh sieve and less than 2 inches in 
size, provided the coarse material is itself present in graded sizes, increases 
the durability of these soil mixtures. Further, the analysis of the fine material 
passing a 10-mesh sieve in the well-known Augusta (Ga.) gravel, which pos- 
sesses excellent binding value, reveals a composition similar to some of the 
best top-soil roads in that State. There is reason to think that the binders in 
washed gravel roads might very well be compounded on the same basis as 
successful soil road mixtures. 

The successful use of these road soil mixtures, whether obtained on the 
surface, as top soils, from substrata, or from artificial mixtures of clay and 
sand, depends primarily on the composition as to size, amount, quality, and 
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uniformity of mixing of the three usual ingredients and upon the adequate 
consolidation of the mass. From the practical standpoint the selection of the 
raw material should not be based on a too narrow analytic figure. The natural 
deposits are of variable composition. A number of samples from a selected 
area close to the work may not conform to a specific percentage, but it is 
usually possible to supplement deficiencies by adding relatively small quan- 
tities of sand or clay, as the case may be, and secure in the mixed roadbed a 
fairly uniform material whose analysis is satisfactory. 

The final acceptance of a material of this class should preferably be based 
on samples taken at specified intervals on the freshly laid and intermixed 
roadbed and at such other points as the inspector may choose where the indica- 
tions are that the mixture is not uniform and satisfactory. 

In the light of the above brief statement the specifications, methods of test, 
methods of sampling, and form of reporting test results on these materials 
will be more readily understood. 


(12) EXAMINATION SEMI-GRAVEL, TOP-SOIL, AND SAND-CLAY: 

Dry 500 grams of the material at a temperature below 350° F. (176.6° C.) 
to constant weight. Gently pulverize to break down soft clods or masses, 
but not to grind or break hard material. Pass through a 10-mesh sieve, weigh 
the coarse residue and record as “ coarse material.” Use the material passing 
the 10-mesh sieve as the starting point of a percentage analysis as follows: 

Weigh out two samples of 50 grams of this material for duplicate analysis. 
Place each in a wide mouth bottle (5 to 6 cm. diameter and about 12 to 15 cm. 
high). Add about 5 c. ¢. of dilute ammonia water and about 200 ¢c. ce. of water. 
Close with a cork or glass stopper and shake thoroughly for 20 minutes. Allow 
the sample to settle eight minutes and decant carefully or siphon off the super- 
natant liquid to a depth of 8 cm. below the surface of the liquid. (The depth 
of the liquid in the bottle should be sufficient to leave about 4 cm. below the 
point of siphoning.) Fill the bottle again with water, shake for three minutes, 
allow settlement, and siphon off as before. Repeat the process until the super- 
natant liquid is clear. Be careful to wash the stopper and neck of the bottle 
free from coarse material before decanting. The washings drawn off may be 
eollected and evaporated to dryness for direct recovery of the fine sediment 
classed as “clay.” Ordinarily the sediment loss or clay is computed as dif- 
ference. 

Wash the contents of the bottle cleanly into a porcelain evaporating dish and 
earry to dryness on a water bath. The dried residue should be carefully scraped 
from the dish and passed through a nest of 20, 60, 100, and 200 mesh sieves. 
The residue retained on each sieve is weighed and recorded as sand of the 
respective sizes. Their sum constitutes the total “sand.” The residue passing 
the 200-mesh sieve and caught in the pan is weighed and recorded as “silt.” 
Duplicate samples should check within 1 per cent. 

(a) The coarse material should be examined for hardness and with the mag- 
nifying glass to identify its character as quartz, hard iron compounds, feldspar, 
schistose material, or indurated clay. Hard quartz or iron gravels are valuable 
in themselves and as indicating the quality of the finer aggregate. Feldspar, 
mica, and clay nodules are worthless and indicate that the accompanying soil 
is poor for road building. 

(bo) The sands should be examined with the magnifying glass for identifica- 
tion as quartz and for the presence of mica scales or feldspar needles. If mica 
or feldspar is present in appreciable amounts the sample should be rejected. 

(c) When the clay is recovered by evaporation it can be examined for tenacity 
by cementing together two glass plates, each 1 inch wide, set at right angles, 
with a layer of clay whose thickness is fixed by a fine bent wire laid between 
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the plates. The moist clay covers the wire on one plate, and the other plate is 
Squeezed down tightly on the wire. After drying, the one plate being held firmly 
against cleats, wire slings are run symmetrically from the ends of the upper 
plate to one arm of a beam balance, and the tension necessary to separate the 
plates is given by shot or weights in the other pan of the balance. This test is 
tedious and is of service chiefly on low-grade samples which are of doubtful 
efficiency, but which represent the only available material for local construction. 

(d@) Approximate tests for tenacity of mixture can be made as follows: 

Make cylinders from the material passing the 10-mesh sieve, 25 mm. by 25 mm. 
The material is worked into a stiff mud and molded under 132 kg. per sq. cm. 
pressure. Dry thoroughly at 100° C. (212° F.) and break by the small Page 
impact machine for testing cementing value, using a 1 kg. hammer and 1 cm. 
drop. Record the number of strokes as the relative measure of tenacity. 

Mix 50 grams of the material passing the 10-mesh sieve with grams 
of water and knead with the hands into a spherical ball. Measure the diameter. 
Let this ball drop from a height of cm. on a flat slab. Measure and 
record the reduction in diameter and examine the surface for cracks. 

Usually the plastic character and adhesiveness of a good road soil can be 
judged by the feeling of the mud made from this material, its adherence to 
the hands, and its stretch under light pulling. 


TESTS OF PHYSICAL AND CHEMICAL PROPERTIES OF BITUMINOUS 
MATERIALS. 


(13) SprectFiIc GRAvity: Standardized hydrometers or pycnometers. U. S. 
Department of Agriculture Bulletin 314, pp. 4 to 7. 


(14) FrasH PoINntT (OPEN CuP): U. S. Department of Agriculture Bulletin 
314, p. 17. 


(15) Mettine Pornt: A. S. T. M. tentative standard D36-16T; Proce. A. S. 
T. M. 1916, p. 549. 


(16) Ductizity: A. S. C. E. 1914 Proceedings, p. 3047. 
(17) PENETRATION: A. S. T. M. standard test Dd-16. 
(18) Froat Test: U. S. Department of Agriculture Bulletin 314, p. 9. 


(19) Spreciric Viscosity (oN First 50 c.c.): U. S. Department of Agriculture 
Bulietin 314, p. 7. 


(20) ToraL BITUMEN AND ORGANIC AND INORGANIC MATTER INSOLUBLE IN 
CARBON DISULPHIDE: U. 8S. Department of Agriculture Bulletin 314, p. 25. 

(21) BrruMEN INSOLUBLE IN NAPHTHA: U.S. Department of Agriculture Bul- 
letin 314, p. 28. 


(22) VoLATILIZATION TEST (Loss at 163° C. oR OTHER TEMPERATURE): U. S. 
Department of Agriculture Bulletin 314, p. 19, except that a 50-gram sample is 
used in a flat-bottom box 55 mm. diameter by 35 mm. deep (Gill style, 3-ounce 
deep pattern box). 


(23) DisTILLaTION Test: A. 8S. T. M. standard test D20-16. 

(24) Frxep Carson: U.S. Department of Agriculture Bulletin 314, p, 30. 

(25) DIMETHYL SULPHATE TEST: U. S. Department of Agriculture Bulletin 
314, p. 25. 

(26) PERCENTAGE OF RESIDUE OF PENETRATION : 

Fifty grams of the oil are placed in a 3-ounce deep, seamless tin box; the 
box is placed in a sand bath and heated over a Bunsen burner. A thermom- 
eter is suspended in the oil, the bulb not touching the bottom of the box. The 
temperature of the oil is kept at from 249° C. (480° F.) to 260° C. (500° F.), 
and the oil is stirred from time to time with the thermometer to prevent over- 
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heating in any part. Depending upon the nature of the oil, as usually indicated 
by its flash, consistency at 25° ©. (77° F.), and specific gravity, the operator 
ean with experience tell about what percentage it will be necessary to evaporate 
before cooling and taking a penetration of the residue. It is sometimes neces- 
sary to make several trials before the desired result is obtained. When the 
required penetration is reached the residue left from evaporation is weighed 
and its per cent of the original sample taken is computed. 


TESTS OF PORTLAND CEMENT, PORTLAND CEMENT CONCRETE, 
STEEL REINFORCING RODS, AND VITRIFIED PAVING BRICK. 


(27) Tests oF PorTLAND CEMENT: 
(a) Chemical analysis, A. S. T. M. standard test C 9-17. 
(0) Specific gravity, A. S. T. M. standard test C 9-17. 
(c) Fineness, A. 8. T. M. standard test C 9-17. 
(d@) Soundness, A. S. T. M. standard test C 9-17. 
(e) Time of setting, A. S. T. M. standard test C 9-17. 
(f) Tensile strength, A. S. T. M. standard test C 9-17. 


(28) TEsts oF FIELD SAMPLES OF PORTLAND CEMENT CONCRETE: 

Form of specimen.—The test specimen may be a cube, a prism, or a cylinder, 
but it is felt that a cylinder six (6) inches in diameter by twelve (12) inches 
high will give the most satisfactory results. Molds of all types can be success- 
fully used, from the most permanent to those which can be used only in form- 
ing a single specimen. 

Molding specimens.—The molding should be done as near the mixer as prac- 
ticable, and the concrete should be conveyed to the molds with as little jarring 
or mixing as possible. The molds should be placed on a flat, nonabsorbent sur- 
face, and the concrete should be placed in layers of ~---_ inches, with slight 
puddling by means of a half-inch steel rod. 

Storing.—Specimens should be permitted to remain in position where molded 
for a period of 24 hours. At the end of that period they may be stored on the 
completed concrete pavement, buried in the same covering material, and mois- 
tened at the same intervals, until ready for shipment to the laboratory; or, if 
not considered practicable to store on the completed concrete, they may be 
covered at the point of molding with the same covering material as used for 
the concrete pavement and moistened at the same intervals, until shipped to 
the laboratory. 

Shipment.—Specimens must be suitably protected from injury during ship- 
ment. 

Testing.—Specimens should be capped with mortar shortly after molding, or 
with plaster of Paris just before testing, so as to provide plane bearing sur- 
faces. The plane surface is formed by placing the specimen on a flat, non- 
absorbent surface and pressing a flat plate on the soft mortar or plaster cap. 
In testing, the specimens are mounted in the testing machine with spherical 
bearing block placed on top of the specimen, the capped specimen being placed 
in direct contact with the steel bearing surfaces. 

(29) TESTS OF STEEL REINFORCING Rops: As given in the standard specifica- 
tions for reinforcement bars, A. S. T. M. standard, 1916, serial designations 
A 15-14 and A 16-14. 


(30) RATTLER TESTS, VITRIFIED PAVING Brick: A. S. T. M. standard specifica- 
tion © 7-15. 


Note.—All of the American Society for Testing Materials Methods, Tests, or 
Specifications above referred to will be found in the A. S. T. M. Standards, 
1916, unless otherwise noted. 


RECOMMENDED STANDARD FORMS FOR REPORTING TEST 
RESULTS? 


(Name and location of laboratory :) 


REPORT ON SAMPLE OF Rock or SLAG. 


uaboratory INO. 622. 


Saniplied frome’: Hod) 8 Mh Sar | Seer tT eRe ee WG et St Oui eee 
Quantity represented. =a ~ fi tad Ae Sh nee ns Begs 2 aioe, 5A eee 
NOULCE: Ol Mmterial oo. A RAE ee 


TEST RESULTS. 


SPECING LTA Vity ea ae Se ES Se ES Ss ee 2 ee 
Weight per cubic foot, in pounds. Oore (ots wari tins! @ ty pean piesa 
Water absorbed per cubic foot, _____________ POUNES, a5 -4 5s See per cent 
Per GERTLOL WERT os ae ee ea BS ee De 
Trench Cochcient Of. Wear =~ 2S 5 ee So ee ae ee 
PIATANeSS fo Se EEE EE NE EEE SEPA RRR Od ie eke ene 
Toughness) 5 Ue Shs oh ee ie Se Sa Seite ie eens eee ee 


Remarks: 


iThe arrangement of the test results on the report for gravel or sand, as reported by 
the conference, has been altered slightiy so that the report might be made on a single 
sheet. In the case of petroleum and asphalt products and tars, the tests to be reported 
upon were definitely recommended by the conference, but no specific recommendation 
was made as to the order of arranging the various test results on the report form. 
The form, as presented, has been arranged in editing. 
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(Name and location of laboratory 


3) 


REPORT ON SAMPLE OF GRAVEL OR SAND. 
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Laboratory No, ~----------- 
PI Sloe on rin Raa SW ASN AT oD = (Ode: 
(Date reported.) 
I NIG TT CSNH LNG iE i i Ne Sa ar AR El bce Dea oo aS teed Saas Ce EL 
MGT asi CABIO ITN ATG 00 Se lai a ws a SN PT 
SUMTE LEC Dye ee ee Title wes ts Address 22222" Pies 
SSEBNG 5 0) 6 A a Sea a re a LOW eerie ERC COL V Ce sn oe Bis ca ane ARENA ESD ee Oil enh 
SEE TAO Cie ye Lin oy a ee Se SN eo APA eRe A IR ee ten Ue BES Le 
Oia GityarepELeSeM ted a. s es ec eee ie epg eat a ee 
POETS) ORE OEM SOF Ga Te eS yt I ct ga 
Roca OneUSeds or tore USCGe wa oe ee i es 
J OSSD ECM AIR VEN | SAO eee ac Sa A la ie an cern are el So ga 
TEST RESULTS. 
SAND. GRAVEL. 
Mechanical analysis. Mechanical analysis. 
Fraction. Per cent. Fraction. Per cent. 
| 
Retained: -inch screens: -e, 620-2222. 021). 20 28 2 leRetained 3-inch Screen... 220-2 secn. ce eee eae 
Passing 1-inch retained 10 mesh ..........|.......... || Passing 3-inch retained 24inch .........)........-- 
Passing 10 mesh retained 20 mesh ........|..........|| Passing 23-inch retained 2inch .........).......... 
Passing 20 mesh retained 380 mesh ......-.|....-.---- Passing 2-inch retained 14 inch -..-.....|.......... 
Passing 30 mesh retained 40 mesh ....--../...-..---.| Passing 14-ineh retained: Linch [25-22-2222 2222. 
Passing 40 mesh retained 50 mesh ........|......-.-- | Passing 1-inch retained 2inch -.--..../.|..........- 
Passing 50 mesh retained 60 mesh --:.....)........-- Passing 3-inch retained 4inch .-.-......].......... 
Passing 60 mesh retained 80 mesh ........|....-..--- | Passing 4-inch retained +inch -......._.|.......-.. 
Passing 80 mesh retained 100 mesh .-.....|........:. NW assine --inich’screen: o2 fe kee eee yee pen ee 
Passing 100 mesh retained 200 mesh ......|.........- | 
IRASSIMe OO MNES aaeeesres  A ie eee Ne 2 | 
Tipialmeme ue eer gers ye | AB Ot ali Sere ioe makati ceca eee 
SoU Ria Sena ss oe ee eal ee Rie eee en | Pemcentiot- wean sie e. spice eas eee ll betes epee 
| 
Sample sand. Standard Ottawa sand. 
Tensile strength (cement-sand 
briquettes, 1:3). 
3-day 7-day. | 28-day 3-day. 7-day. | 28-day. 


Remarks: 


| = wie ave a\siele e 
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(Name and iocation of laboratory :) 


Se Eee 


REPORT ON SAMPLE OF SEMI-GRAVEL, Top Soir, ong SAND Clay. 


ihaboratory (NO. 252 Soe ind 2 Ny ere Sena a ee eee 2 5) tm 


Sampled frome. 22 Ree ee OPE es ee 
Quantity represented) =* = s-4 see 2 See ee 
NOUrce:.G£Makeria ls =o esos ve Ce So ee oe ee ee eee 


TEST RESULTS. 


Analysis of material passing 10-mesh sieve. 


Per cent. | Per cent. | Per cent. Character. 


Sand retained, 20 mesh-. ..-- 2.22... =- | ne ee RS re Se oe Ca een 
Passitics 2) snetaimediG0smes i= = 25am ae see poeta ans] cue cae 
Passing/60% retained 100smesh=. 22-2 saa2|: 222 ee che ees see 
Passes OOS retained s200 eS ie se ee er oe om oie ae a 


Coarse material, ______ per cent: (Quality, 2a es ee ee 
Miéa, 225-5: 
Remarks: 

Respectfully submitted, 
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(Name and location of laboratory :) 


REPORT ON SAMPLE OF PETROLEUM OR ASPHALT PRODUCTS. 


(Classification name of material.) 


BR SACRE UT: OTs Va Neate Sa ee leh So oe Ne spel Oils 


SE Gd Ct N ATT 1 acetate ee 2 ee 
Peet OM MALE aeet Se ANE ye 2 eee ee 
NHUDMELEEO: Dye = 4 Ui 8 ee ee ee Address 3 ae 


RE IaIO MOR i tpn nent MO de ee eee es Se et ee 
SO) a stii del deg eTSe POTEET (i eee Oe Bea 
‘ey DEDORUET OE PN 26 | dN Sa a Ee > pI re cn eR lee Sr 
MacaiOonseurOrubOuoe- USeG 22 a be ee eee cass tases NA Aes 
RST CU TOT aa a 8 et ee ee eee eben 


ete Meet AClObISWICGe sae a ee nS a ee ie a ee ea 
SpeeHicncnanityapoimee:/ 25.” Co fr ee ee 
TEE pewTe, TOE EMIS» CS ee Gg) See aie aaa ea Se = ec 
Specific viscosity, Engler at ________ A 3 aN RED pes SRN OE TL ete MUN hes Wee FP 
Wiest test; ooo “2G -e( seconds): — =... or ee a ie SG (SECONdS). Ses ea 
PenereaiaGie sae 1OOreraAmsse Da SCCONGS on ee ee a ee 

s Ome, 200-5 60 CEES AGE iets eigen Rona event SNe Meade gn aeeey Meme 2 

ac AGO TOU, 2 5 Sa cat Se RUT ARR iE Da erty Sor es PL KS 
Dili tae mG ititan ue Oo) See os te ea re CN oe oe ke ee 
“DREGE UIT pj omeses sm i le GUL oe ea 0 0 Saag et BO cm. 
Mascari © eps enOUl Sans ene Te 
Mes seaielecee@ ce or OU rsa este Net ee ee 
eM AEATCLCIIGH CST Ole reSIGuUGSees =o Set 

> : Pentration 25° C., 100 grams, 5 seconds ____________—_ 
Consistency of residue} Float test, __° C., (seconds) ___; -__° C., (seconds) ___- 
oicmenmusmenacsonplerimt: Co)\i) ea 
APEESEG, TERESA RSID SECS 0 ie a i a nS A ONION 
Rip eeamier mat tem NcOluple@2 {0 0s 2 en ee 
Per cent of total bitumen insoluble in 86° B. naphtha_________________-_-__ 
LE TSR DE, GSE eS Bi ae a Ra a a nc Ra RD Ree Bry tens) 
Residue of ~--_ Meme tra blOM ste Se es a ee et ns oe OE 
Ee Hag icy me een eee © rs Se oot oo a 


a a ee eee 


: 


| 
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(Name and location of laboratory :) 


REPORT ON SAMPLE OF TAR. 


(Classification name of material.) 


me ee oe ee ee ee Ee ee ee eee 


Quantity represented 
MIANWTACEUTOH DY; a I eee ee 
Location used or to be used 
Examined for 


ae ae ES Se 


YEE Pe) sleet ne Raa OR a AO fa A ed alee ne ae eae gia a A Meo gt AIEEE ST en ee 
SPCCHHC -ORAWVEEY. 3) 2D | Oe eee 
Specific viscosity, Engler at__________ OAS as Sg ee 
Wloat test; +222* 4=-> > °-“COraq seconds) =. = Sepik Sad ae °C. (sGeends3 =e. 
Metiias: point=( 720) a. es ea ee ee ee 
Solubility in carbon disulphide 


DISTILLATION. 


A Per cent | Per cent 
Fractions. Character. volume. | weight. 


ee ee ee | 
ee ee ee | 
ee ee 


Snecifie srayity of alistiliate 25° 40./25- (0. =). eee eee 

Melting point of residue (°C) = 1 SUE bo ee ee eee 

Insoluble in dimethyl sulphate, per cent of fraction ____° C. to ____° C 
Remarks: 


Respectfully submitted, 


a 


Sampled from ____ 


Laboratory No__-- 
PSA neers 
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(Name and location of laboratory :) 


REPORT ON SAMPLE OF PORTLAND CEMENT. 
(Date reported. ) 


EP IBeH MEMENTOS MCE ites. ec he ra A ee ee 


Manufactured by 


POCA ETOMGUSCOMOLBLO OCHS CG oon a ne 


Examined for ____ 


TEST RESULTS. 


Chemical tests: 


Loss on ignition, per cent_______________ 
Insoluble residue, per cent______________ 
Sulphuric anhydride (SOs:), per cent____ 
Magnesia (MgO), per cent_____________ 
‘ Physical tests: 

SDEGING Mera Vilbys 6S oh ete a ed eee 
Per cent retained on 200-mesh sieve_____ 
LCA LOSE Sate meee ee a Oe 

Gillmore Vicat 

needle. needle. 
Mata Se he eas Ae se ae ODEs peas 
Himaysepes re eae eS OL Leena eS 

Tensile strength (1:3 Ottawa sand): 

7 days. 28 days. 
Average: ESE. Average: Cs 


Remarks: 


Respectfully submitted, 
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(Name and location of laboratory :) 


— nr a a a a a ee er 


REPORT ON SAMPLE OF VITRIFIED PAVING BRICK. 
(Date reported.) 


aboratory No. ee a aie a oui ce ae ee ae 3 ae 
ts ofS (on 0 2 0 6 ($end bene ep cud so arcmin IERIE LER a ee cn 
Tdentification™ marks eee nes See oe ae eee ee ee 
SHbinitied bys e275 = ater TLS cee rare eee Adress. ee 4 
SSEED ERY G1 "0 Piy@anms te Roles ypc Pe he cl Me ecto g's brat 5 Or =" Rerely err as ere ee aaah 
Sarl | FiO he a ee a eee er ene 
QuUuantityprepresen Leds a5 2 seis Mer ea ree eee oie NS eee eee 
Ve EAC UAT Ce Hoy sm mse hse a Pr rn Set rea a ore Se 
Location used orto pe sed 2 Se ee ee ee 
SBS Eeg NAA TC ET ea aa Se eee ee Se 
TEST RESULTS. 
General data. 
Average dimensions, length___________ VA 5 es or Depthe=— aes 
Drying Weatment 222225 ss eee 
Standardization data. 
4 
Weight 
of charge 
(after | Number of fresh stave liners.| Repairs affecting barrel. 
standard- 
ization. 
NI BR EG) SO CHS 5S 6 son sansosssed bsasece s5qlese soandae sso 52 Se s5s5a55ese ses [So5- 2 ssSeasssssctscscsascsoces 
small sphereS.....-.----2----|----------|--- 2 nnn en nn ne nn re nn on een en nnn wenn nncewens 
Total sosnc Ses coace ses eee jpsbdcsddes) bSSehsses56e shesssossa4scdesas besdescessssscsoctecscassce Asc 
| 
Number of charges tested since last inspection, ______. 
Running data. 
Revolu- | R 
e 3 tion notes 
Time readings. Ta | ES ps. 
readings. ete , 
& 
Hours. | Minutes.| Seconds. 
RS SaETNATE ON GOS Usa mm lel lw la teal aia alll lt | lee a le eel 
BOUTS eS EET ee ee 3 pd sos Shenae aoe 3 5-8 e Sas s5- se ses tes: 
ASGSIWAIPNE OMI DICKS: 22 fonscsew eee aes) Seemees Maximum variation in per cent loss, 
Wirral weight of10 DrickS:225) -—a.ecsic-c) Sever ses sce Sc acne 
PICS OU Cit aes | BeOenSae mersesoedes | adoes5a5 
EOSSONWEISNE DECONt cc. | acsceccs lccswsocee “eeceneme 
Num benonbrickS DFOk@NAN  ~2-52.22%  eacesces) Sectece 
test. 
Remarks: 


Respectfully submitted, 
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RECOMMENDED STANDARD METHODS OF SAMPLING. 


SAMPLING BROKEN STONE. 


(1) By whom taken.—Samples are to be taken by the engineer or his author- 
ized representative. 

(2) When taken.—Samples are to be taken from the proposed source of sup- 
ply at least ______ days before the stone is to be accepted or rejected, also from 
every ______ cubic yards quarried, or when the quality or appearance of the 
stone changes, and at such other times as may be directed by the engineer. 

(3) Where and how taken.— 

(a) Sampling for quality: Samples shall be taken either from the quarry or 
from cars as directed by the engineer, and shall be sound interior rock, repre- 
sentative of that which it is proposed to use. Mixed samples may be taken if 
deemed necessary by the engineer. 

(ob) Sampling for size: Samples of the crusher product shall be taken either 
at the crusher or from cars as directed by the engineer. The sample shall be 
mixed from runs of the crusher, on different days, or, if taken from cars, shall 
be taken from both ends and top and bottom of the car. 

(4) Amount and size of sample.— 

(a) Sampling for quality: A sample shall weigh between 25 and 40 BOuAdS 
and shall consist of pieces of rock at least 14 inches in size and one piece at 
least 3 by 4 by 6 inches, free from seams and cracks, and with bedding plane 
marked. 

(6) Sampling for size: A sample for size shall weigh not less than 10 pounds 
for materials of three-quarters inch maximum diameter or less. Samples of 
materials of other sizes shall increase in weight to a maximum of approximately 
60 pounds, varying with the size and weight of the largest pieces represented 
by the sample. The sample shall be representative of the product as delivered 
for use. 

(5) Marking and shipping.—Samples shall be shipped in tight boxes or bags 
and shall be accompanied by a card in the container or securely attached 
thereto, stating date, by whom taken, by whom submitted, source of supply, 
exact location where sample was taken, proposed purpose to which the material 
is to be put, space for remarks, and in case of quarry investigations, owner, 
quantity available, amount and character of stripping, whether material from 
same source has been previously used, where and for what purpose, and with 
what results, haul to nearest point on road, average haul to job, character of 
haul, initial cost of rock. 

Notification of sampling, containing the above data, shall be forwarded sepa- 
rately to the laboratory immediately upon taking the sample. 


SAMPLING BROKEN SILAG. 


(1) By whom taken.—Samples are to be taken by the engineer or his author- 
ized representative. 

(2) When taken.—Samples are to be taken from the proposed source of sup- 
ply at least __--_- days before the slag is to be accepted or rejected, also from 
every —---~- cubic yards quarried, or when the quality or appearance of the 
slag changes, and at such other times as may be directed by the engineer. 
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(3) Where and how taken.— 

(a) Sampling for quality: Samples shall be taken either from the deposit or 
from cars, as directed by the engineer, and shall be representative of that which 
it is proposed to use. Mixed samples may be taken if deemed necessary by 
the engineer. 

(6) Sampling for size: Samples of the crusher product shall be taken either 
at the crusher or from cars as directed by the engineer. The samples shall be 
mixed from runs of the crusher on different days, or, if taken from cars, shall 
be taken from both ends and top and bottom of the car. 

(4) Amount and size of sample.— 

(a) Sampling for quality: A sample shall weigh between 25 and 40 pounds 
and shall consist of pieces of slag at least 14 inches in size, and one piece at 
least 3 by 4 by 6 inches. 

(b) Sampling for size: A sample for size shall weigh not less than 10 pounds 
for material of three-quarters inch maximum diameter or less. Samples of 
materials of other sizes shall increase in weight to a maximum of approximately 
60 pounds, varying with the size and weight of the largest pieces. represented 
by the sample. The sample shall be representative of the product as delivered 
for use. 

(5) Marking and shipping—Samples shall be shipped in tight boxes or bags 
and shall be accompanied by a card in the container or securely attached 
thereto, stating date, by whom taken, by whom submitted, source of supply, 
exact location where sample was taken, proposed purpose to which the material 
is to be put, space for remarks, and, in case of source investigations, owner, 
quantity available, whether material from the same source has been previously 
used, where and for what purpose, and with what results, haul to nearest point 
on road, average haul to job, character of haul, initial cost of slag. 

Notification of sampling, containing the above data, shall be forwarded sepa- 
rately to the laboratory immediately upon taking the sample. 

Note.—The conference, recognizing that in general slag is not a uniform 
product, recommends that special care should be taken to get a representative 
sample. 

* SAMPLING STONE BLOCK. 


(1) By whom taken.—Samples are to be taken by the engineer or his author- 
ized representative. 

(2) When taken.—Samples are to be taken at least _-_-__ days before the block 
is to be accepted or rejected, or when the quality or appearance of the block 
changes, and at such other times as may be directed by the engineer. 

(3) Where and how taken.—Samples shall be taken either from the quarry 
or from cars, as directed by the engineer. They shall be representative of the 
block which it is proopsed to use; and no sample shall include blocks that would 
be rejected by a visual examination. 

(4) Amount and size of sample—The sample shall consist of at least 10 
blocks. The bedding plane shall be marked on at least 2 blocks. 

(5) Marking and shipping—Samples shall be shipped in tight boxes and 
shall be accompanied by a card in the container, or securely attached thereto, 
stating date, by whom taken, bY whom submitted, source of supply, exact loca- 
tion where sample was taken, proposed purpose to which the material is to 
be put, whether material from same source has been previously used, where 
and for what purpose and with what results, initial cost of block, haul to 
nearest point on road, average haul to job, character of haul, and space for 
remarks. 

Notification of sampling, containing the above data, shall be forwarded 
separately to the laboratory immediately upon taking the sample. 


FORMS FOR SPECIFICATIONS, ETC., FOR ROAD MATERIALS. 47 


SAMPLING GRAVEL. 


(1) By whom taken.—Samples are to be taken by the engineer or his 
authorized representative. 

(2) When taken.—Samples are to be taken from the proposed source of sup- 
ply at least ______ days before the gravel is to be accepted or rejected, also fro:n 
every —----- cubic yards excavated, or when the quality or appearance of the 
gravel changes, and at such other times as may be directed by the engineer. 

(3) Where and how taken.— 

(a) Sampling at the pit: Enough samples shall be taken to represent an 
average of the material. An individual sample must be taken through a full 
vertical section of that material which it is proposed to use at the point 
selected. Each sample shall be taken from a freshly exposed vertical face. 

(6b) Sampling from cars, barges, etc.: Enough samples shall be taken, as 
directed by the engineer, to represent average composition. Samples from cars 
shall be taken from both ends and from top and bottom of the car. 

(4) Amount and size of sample.— 

(a) Sampling for quality: For screened gravel sample shall weigh 25 to 30 
pounds. For bank gravel sample shall weigh 50 to 75 pounds. 
- (bo) Sampling for size: A sample for size shall weigh not less than 10 pounds 
for materials of three-quarter-inch maximum diameter or less. Samples of ma- 
terials of other sizes shall increase in weight to a maximum of approximately 
60 pounds, varying with the size and weight of the largest pieces represented 
_by the sample. The sample shall be representative of the product as delivered 
for use. 

(5) Marking and shipping.—Samples shall be shipped in tight boxes or bags 
and shall be accompanied by a card in the container or securely attached 
thereto, stating date, by whom taken, by whom submitted, source of supply, 
exact location where sample was taken, proposed purpose to which the material 
is to be put, space for remarks, and, in case of pit or bank investigation, 
owner, quantity available, amount and character of stripping, whether material 
from same source has been previously used, where and for what purpose, 
and with what results, haul to nearest point on road, average haul to job, 
character of haul, initial cost of gravel. 

Notification of sampling, containing the above data, shall be forwarded sepa- 
rately to the laboratory immediately upon taking the sample. 


SAMPLING SAND. 


(1) By whom taken.—Samples are to be taken by the engineer or his author- 
ized representative. 
(2) When taken.—Samples are to be taken from the proposed source of 


supply at least ______ days before the sand is to be accepted or rejected, also 
from every —_---- cubie yards excavated, or when the quality or appearance 
of the sand changes, and at such other times as may be directed by the 
engineer. 


(3) Where and how taken.—Samples shall be taken from freshly exposed 
portions of the deposit as directed by the engineer. Mixed samples may be 
taken if deemed necessary. 

In general, the number of samples shall be sufficient to cover the extreme 
variation of quality in that part of the deposit which is proposed to be used. 

(4) Amount and size of sample—Hach sample, whether individual or com- 
posite, shall weigh between 10 and 15 pounds. 
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(5) Marking and shipping.—Samples shall be shipped in tight boxes or bags 
and shall be accompanied by a card in the container or securely attached 
thereto, stating date, by whom taken, by whom submitted, source of supply, 
exact location where sample was taken, proposed purpose to which the material 
is to be put, space for remarks, and in case of source investigation, owner, 
quantity available, amount and character of stripping, whether material from 
same source has been previously used, where and for what purpose, and with 
what results, haul to nearest point on road, average haul to job, character of 
haul, initial cost of sand. 

Notification of sampling, containing the above data, shall be forwarded sepa- 
rately to the laboratory immediately upon taking the sample. 


SAMPLING SEMI-GRAVEL, ToP SoIL, AND SAND CLAY. 


Samples of materials of this class shall be of two Kinds: Class I, samples of 
the raw material taken from the natural deposit; Class II, samples of the loose 
material after being mixed in place on the roadbed and before consolidation. 

Class I sample shall be used simply as preliminary evidence of the suitability 
of the aggregate subject to admixture of one or more ingredients to adjust the 
composition to the limits set forth in the specifications. 

The final acceptance of the material as satisfying the specifications shall be 
based on Class II samples. 

Standard containers.—(1) A three-compartment box of pasteboard, wood, or 
metal, outside dimensions 5 by 10 by 10 inches; or (2) close woven bags or 
sacks of material which do not allow sifting out of fine particles, dimensions 6 
inches wide by 12 inches long. 

Labeling—Each compartment in the box container must contain a label show- 
ing at what depth the contents were taken. The whole sample shall be accom- 
panied by a card, securely attached thereto, stating date, by whom taken, by 
whom submitted, source of supply, exact location where sample was taken, posi- 
tion within the deposit where taken, owner, quantity available, amount and 
character of stripping, if any, whether material from same source has been 
previously used, where, and with what results, haul to nearest point on road, 
average haul to job, character of haul, initial cost of material. 

When bag containers are used, one complete sample shall comprise 3 bags, 
each bag labeled as to depth from which the material] is taken. 

Each bag, or, if preferred, a larger receptacle containing the three bags, is to 
be labeled with the information detailed above. 

How to take Class I samples—For each 1 acre or less of area two samples 
must be taken, one a local sample and the other a composite sample. 

The local sample is to be taken near the center of the area and is intended to 
represent the vertical average of the material at that point. It shall be taken 
in three layers, each layer ____ inches thick, according te the method described 
as follows: 

The material is to be loosened over a 3 by 3 foot area to the specified depth, 
usually 4 inches. The loose material is to be intermixed with a shovel and the 
sample for one compartment of the box container or one of the bags is to be 
taken therefrom. 

The remaining loose material is to be shoveled out and discarded. The sec- 
ond layer is to be loosened to equal depth, usually 4 inches, tobe intermixed as 
before, and a second compartment or bag is to be filled. The same procedure 
shall apply to the third layer, and the filling of the third compartment or bag. 

In exceptionally thick deposits the depth of each layer or the number of 
layers may be increased to cover the entire thickness of the deposit. 
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The composite sample is to be taken as follows: Roughly divide the area to 
be represented by the sample into squares not exceeding 50 feet in size. At the 
corners of all squares loosen a 8 by 3 foot area to a depth of ____’* inches. 
Thoroughly mix the loose material. Carry an equal amount of the material 
from each such point to a central point and intimately mix the various samples. 
Not less than 200 pounds of material must be so mixed. From the center of 
the pile of mixed material fill a container and label for shipment. 

Where the material occurs as a substratum sink no less than four 3 by 3 
foot pits per acre or smaller area to intersect the material. Remove the cover- 
ing and sample the exposed bed as for a local sample described above. 

How to take Class II samples.—These are the most important samples, and 
should be taken by the engineer or competent inspector while work is in 
progress. 

When the materials have been spread and intimately mixed in accordance 
with properly drawn clauses covering methods of construction, the engineer 
should fill a container at intervals of ? feet, along the road, and also at 
such other points as his judgment may dictate, where evidence of unsatisfac- 
tory mixing is apparent. 

Very prompt examination of these samples should be made in order that 
defects of composition may be remedied by the builder before consolidation has 
progressed. 


SAMPLING BITUMINOUS MATERIALS. 


General recommendations.—All samples should be selected to represent as 
nearly as possible an average of the material, care being taken that they are 
not contaminated with other materials. It is recommended also that special 
care be taken to forward the samples in clean, suitable containers, and wher- 
ever possible all materials should be sampled at the point of manufacture, and 
sufficiently in advance of shipment of the material represented to allow for 
the testing and reporting upon the sample before shipment. When imprac- 
ticable to take samples at the point of manufacture they should be taken by 
the engineer or inspector, from the shipment immediately upon delivery. 

In collecting samples, if there is any doubt ot the homogeneity of the material 
it is recommended that individual samples be lifted as hereinafter described, 
and such samples should be forwarded to the laboratory, where tests should be 
conducted to determine the uniformity, after which a composite sample of 
equal parts of the individual samples may be mixed for complete tests. 3 

Samples should be taken as frequently as necessary to insure the uniformity 
of the material. 

Marking samples.—Samples should be marked for identification in such man- 
ner that the identification will not be removed in transit. Notification of 
sampling containing this identification, together with such other information 
as is required or of advantage to the laboratory, should be separately forwarded 
to the laboratory immediately upon taking the sample. 

Size of samples.—No sample should be less than 1 quart, whether for complete 
testing or for individual test. 

Plant sampling.—Drip samples are recommended. In taking drip samples, 
the pumping should be continued until sufficient time has elapsed to clean the 
line before sample is taken. The drip valve should be so regulated that the 
collecting of the material continues through the entire time of pumping. 


1A depth of 8 inches is suggested. 2Intervals of 500 feet are suggested. 
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When impracticable to follow the above method it is recommended that 
samples be taken from the storage tank at three different levels. 

Material in barrels or drums at a plant should be sampled by taking samples 
from not less than 8 per cent of the containers. 

Whenever possible, the portion of the sample from each drum or barrel 
should be taken from near the heart of the barrel after it has been split open. 
Where samples must be taken from the top of the barrel, the material lying 
within three inches of the surface should not be included. A hatchet or any 
sharp-pointed tool is suitable for the purpose of digging into the barrel. 
(IMPoRTANT.—Do not use kerosene on the blade.) ‘The several portions are 
then to be pressed in a can of not less than one-quart capacity, using enough 
material very nearly to fill the can which is then tightly covered. If cans are 
not available and some other type of container used, they must be entirely free 
from paper or any other substance to which the bituminous material adheres 
readily. 

Check field samples are recommended on plant inspected material. 

Field sampling.—For barrel shipments, see plant barrel sampling. 

Sampling fluid products.—When a fluid material is shipped in tank cars, and 
the sample is to be taken directly from the tank car to represent an average of 
the entire tank-car contents, the following method is suggested : 

A tin can, with a tight-fitting removable cover and a wire handle, is secured, 
and a number of holes one eighth of an inch in diameter are punched in the 
cover. This bucket is then weighted in any convenient way and lowered 
slowly by means of a cord attached to the handle through the entire depth of 
the tank car, so that the can will be filled with material from all depths of the 
ear. This can is then emptied into another can of at least 1 quart capacity 
having a screw top or other equally tight cap or cover. A sample is more 
representative when the tank car has been agitated before the sample is taken. 

Where individual samples are desired to check the uniformity of material 
throughout a tank car, it is suggested that thief samples be taken from top and 
middle and a third sample be taken from the outlet valve through which a 


_ sufficient amount of bituminous material has been allowed to flow in order to 


clean the valve properly. 

Semisolid products—Barrel shipments are to be sampled as in plant 
sampling. A 

Tank-car shipments are to be sampled through the dome by the use of a 
clean hot shovel. 

Bituminous aggregates’—It is suggested that a 5-pound sample be submitted 
when the material is sampled before being placed in the pavement. 

Samples of pavements should be at least 1 square foot. 

The material should be carefully boxed in order that it may remain intact 
during transit. 


SAMPLING PORTLAND CEMENT. 


Each shipment or lot of cement used on the work shall be sampled and 
tested in accordance with the standard specifications and tests for Portland 
cement given in the 1916 standards of the A. 8S. T. M. serial designation C9-17. 

It is recommended that in sampling cars and bins the method specified in 
A. S. T. M. 1916 standard specifications for Portland cement, section 17 (b) 


ee Tee Os ae ee 
1The term “ bituminous aggregate” is defined as follows: The mineral or other aggre- 
gate, together with the bitumen which is used as the cementing medium. 
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be followed, using composite samples. Samples at the mill shall be taken by 
any of the methods of section 18, A. S. T. M. specifications, as may be most 
practicable. 


FIELD SAMPLES OF CONCRETE. 


(1) When taken.—Samples shall be taken regularly for the general control 
of strength and uniformity on one day of each week of work; and at irregular 
intervals, whenever a complete change is noted in the character or grading of 
one or more materials or in any element affecting the entire mix. 

(2) Number of samples.— 

(a) In taking regular samples three specimens should be molded to be 
broken one at each of the periods, 14 days, 28 days, and ____. 

(6) In taking irregular samples, nine specimens should be molded, three to 
be broken at each of the periods, 14 days, 28 days, and _-___-. 

How taken.—The batch sampled for general purpose should be similar in 
consistency and general grading of the aggregate to the regular run of batches 
being turned out. The sample from which specimens are molded should be 
composed of several portions taken during the discharge of one batch in order 
to represent an average of the batch; or the batch may be dropped upon the sub- 
grade and concrete from several points (taking care to exclude dirt), placed in 
a clean wheelbarrow or other container, avoiding additional mixing. 


SAMPLING VITRIFIED PAVING BRICK. 


Inspection.—Vitrified brick may be inspected and tested at the point of 
manufacture, or they may be sampled at the point of delivery, and representa- 
tive samples submitted to the laboratory for testing prior to acceptance of the 
shipment. » 

Plant inspection—Whenever practicable the inspection and testing of vitri- 
fied brick shall be carried on at the manufacturer’s plant. The choice between 
plant inspection and sampling at point of use should be based on the average 
number of brick to be shipped from the plant per day, and the total number 
required for the particular piece of work. 

Whenever conditions permit, samples should be taken directly from the kiln 
during the process of emptying. One or more sets of tests, depending upon the 
size of the kiln, each set consisting of three separate tests, should be made 
on each kiln. Each test in a set of three should represent approximately a 
single degree of burning (based on the position of the bricks in the kiln), and 
all ten of the bricks in a Single test should be of the same approximate degree 
of burning. 

The average abrasion loss in three such tests will determine whether the 
contents of a kiln or part of a kiln meet the average maximum abrasion loss 
specified ; and the maximum variation between the per cent abrasion losses of 
the three sets will be used to determine what portion of the bricks represented 
will be culled or rejected. 

Sampling from piles at the plant.—In general, samples selected from piles at 
the plant shall be as nearly as possible representative of the entire run of the 
brick. Samples from piles shall be taken from as many different points corre- 
sponding to the length, breadth, and depth of the pile as possible. In no case 
shall they be confined to the upper or outer few layers. Where controversy 
arises regarding the admissibility of certain types or portions of the lot, entire 
test samples may be selected from such types or portions having a characteristic 
appearance in common. 
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Sampling at point of delivery.—A representative sample should be taken from 
each carload received. Considerations covered under ‘‘ Sampling from piles at 
the plant” apply equally to sampling from cars. 

Shipping.—Samples shipped by freight or express to the laboratory shall be 
put up in packages containing twelve bricks each, packed in two rows sepa- 
rated by a partition for protection. 

Condition of bricks before testing.—lIf bricks are damp, they shall be dried 
at a temperature of 100° F. before testing. No bricks shall be included in the 
test lot which would be rejected on the basis of cracks, chips, or other defects 
covered by the specification clauses for visual inspection. 


GENERAL INDEX. 


FORMS FOR SPECIFICATIONS: 


Broken stone for water-bound macadam. .......-. --..5.5-.s22-ss0sdceccecs 
Brake ane On Dt umiNOUs MACAGAIN. |< lon. Sesh Sage Sho ioe Peckea de 
Broken stone aggregate for large aggregate bituminous concrete..........- 
Broken stone or sand for coarse and fine aggregate for large aggregate 

AAR IDEPG MT ECR NU LOLG S.8 oa poe Ge EEE ee cae a 
Broken stone or sand for coarse and fine aggregate for Topeka type bitumi- 

DUDE! STINGS Fe Ree Sa ee ee ee eee ea tyes eae 
Broken stone or gravel for coarse aggregate for Portland cement concrete 

DSTE lo ¥s6 208 See ee ee ere pee Pe ee ee 
Broken stone for coarse aggregate for Portland cement concrete wearing 


Stone or gravel screenings for fine aggregate for Portland cement concrete 
DES Bs 2.4 Bee Se Re ee er eee ee ae ee 
Combination of dustless screenings and sand for fine aggregate for Portland 
Semen concrete wearme? slitlace . .. 2... -. 1. - =... + - cee ewes these 
SEMLE DLEGSS 2 cs Se ee Re aa ea ee rn pe ee ne Te 
brekensiassor water-pound macadam. -.. 2. = 2.2 se-ce S56 dae =~ ceeseee See 
PrakcenpiacuGntiminous MACAGAM. | _ -<. =~. < ~~ anas Sen Sas olsc vn-lae eee 
Broken slag aggregate for large aggregate bituminous concrete...-....-.--- 
Broken slag for coarse aggregate for Portland cement concrete base .--.-.-..- 
Sea CERES OE CURNIOHs | ne en SS oN op erent Sra ast bere jac 
tt ena TMOEAMCIATOAGS ==... o S05 oooh oe ab owice aoe Jorge tes Seeks 
Gravel aggregate for large aggregate bituminous concrete...--...--------- 
cribs or broken stone for coarse aggregate for Portland cement concrete 
PEE er sy eee ee Beem ee Pee 
Gravel for coarse aggregate for Portland cement concrete wearing surface. - 
aoe or stone screenings for fine aggregate for Portland cement concrete 
PEE We pot ee EE eee ene. I le Re eae 
Combination of dustless screenings and sand for fine aggregate for Portland 
Reimer eanereue Wear? SUTIACG = 2 > ss. 2s. ces see oo 5 eens bases 
Semi-gravel, top soil, or sand-clay aggregate for road surfacing..........-- 
Sand or broken stone for fine aggregate for large aggregate bituminous con- 


eet errecer se ee ese eee ese eee see ee ee eee ee eee ee eee eee eee ee eee eee eee eee ee 


cre 
Sand or broken stone for fine aggregate for Topeka type bituminous con- 

ECETE..--- 27.5 we SS a ee ee ere pee ee 
SCTE LENT SLPS ESS SST 0 ZT ee ES SIR a A ei emcee ae eS ee 
Sand for fine aggregate fer Portland cement concrete base.......-...--.--- 
Sand for fine aggregate for Portland cement concrete wearing surface. ....- 
Combination of sand and dustless screenings for fine aggregate for Portland 

EEtiemaeOnetcic WeATin® SUTIACE 2.2 = <= = oss tose os aes ane Beaek 
SU BYARD PRE et pS ieee ee Seg Uae ee 
SURG. ES? PLIST SaaS ee SS ea eh eee ae ies, Sse 


Pee lnnarieniilan plication... 2o 602 le 6. 5S. se oak on Sees 
Eeremarrrramtlingamilicatiole=* <2. 32 3 Ss ok Ses eins See eee 
Asphalt cements for use in bituminous macadam, bituminous concrete, 

and sheet asphalt, or as seal coat or poured joint filler....-............- 
Pier eeees Epetabedetas estat GIT 29.1 608) ea EN AS i Pe Se 
Refined tars for use in bituminous macadam and bituminous concrete, or 

Mite PaEeat 1k NOt ADPHCAMON: 22. & < So. ee. lS sete + 
Refined tar for use as poured joint filler...........-- i t= oS ae 
2 DP ESIEL (EPUEGITIE bs LG ET gee a eee een Se ae eee 
Portland cement concrete for wearing surface. ..........---------------0- 
SLE EL, PESTS EPS GIT AR Saal I ee ae oe eRe ee 
MiisetCeEraVdH © DINCK ere oooh os ooo ee pos ketch ebese'esWsteees es 
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METHODS OF TESTING MATERIALS: 


Abrasion test (per cent of wear, or French coefficient) stone, stone block, 

21171 | 1 ah an arn eS aot ete) ayn DOM STE ey fn OE ee 
Abrasion test, suggested for sravel ~~. = = ee 
Toustiness test, stone os 2 fe See ee eee ae ee ee a ee eee 
Hardness test, stone and stone block: 22528 05S ee ee Ee eee 
Specific gravity and absorption tests, stone. ...........-.-....--....---. 
Weight per cubic foot test slag 2 oa ee ie he ee 
Mortar strength test, screenings and sand.........._...-.------.-----.--- 
Test of size, or grading, of coarse aggregate, stone, slag, and gravel 
Washing test and mechanical anglysis, toad pravel: 2 <8 =2 32". 22. eee 
Elutriation test, sand or fine APPT COAG! 42.2. vet eT EE 
Mechanical analysis, sand or fine aggregate.................-.2.22-22---- 
Mechanical analysis and tests of physical properties of semi-gravel,top-soil, 

and sand-clay dgeremates 8! S33 Nae SET ION GIRS Sah SMEs eis 
Specific gravity, road oils, asphalt cements, pened Aichi eee 
Flash point, road oils and asphalt cements..................--222+-202-- 
Melting point, asphalt cements, refined tars, and tar residues..........-- 
Ductility, asphalt cements. ...-.- RS FG er aii gh Seen the Satt altahi! cciyes S y 
Peneiarien, SSPHAN COMtCHtl: oes eee ee = ree ne ee ee eee 
Float test, road oils, oil residues and: refined tars...” "- i500 eee 
Specific viscosity, road oils and tars. Se Dae at en Se et cree ae ee 
Total bitumen, and organic and inorganic matter insoluble in carbon 

disulphide, road oils, asphalt cements, and relincd 4a%s- >. -2. 2 ee eee 
Bitumen insoluble in naphtha, road oils and asphalt cements. ...-...-..- 
Volatilization test (loss at 163° C. or other temperature), road oils and 

aSREAt Cements 62557 Ue ee ee ee ee 
Dinislation Fes, tans. ee 
Fixed carbon: asphalt coments <~7-22 ss ee oe eee 
Dimcthyisulphate test ats. 2 Se ee oe ee ee 
Percentage of residue of ....--..- penetration, road oils........-...---.-- 
Testa Ot Pornand cement. so Slee ae 2k Ses eee ee eee 
Tests of Portland cement concrete field samples..........-.----.-------- 
Testsor steel Teiniorcine Tous: <2 = oo ons? sho EN eee eee 
Batiler test,cwitasihed qeivane brick. eo Ses ee Bes eae ce ee ee 


FoRMS FOR TEST RESULTS: 


POC Or pig 7a ret ne RS ee es ee eee 
Gravelor can 2 0 oe Or Se een eee Se aoe oe eee aes 
Sern Sravel, top soll, or Rand Clay fot ese Se ee Pe ae eee 
Petroleum and asphalt products. -2+ 22752. eee 


Poriiand contents: <<22 92008 2 a22 t+ ttt ee ee eee 
Vitrified paving Dirck 225 (80) [05 Vass Lee ee ce de ee eee 


STANDARD METHODS FOR SAMPLING: 


Broken BiGhe» ss =o eo 2 ee tee ee ee ee ee 
Brokow grape aso ls SEES § Os Oe IR ee eee eee 
Siono-bigelk 4-54 = S47 + eit ee ee ee eee 


Semi-oravel ip HOM avd BANG CIRY 2.) oo ae fe on Snes ene eee 
Hitumnoers materaig— Coe Tt Cael es Re eee, eR ee ee 
Portland -cenient:.: ss 22..202 <2 f¢ 4223 tt ee ee eee eee 
Portiand-cement concrete: : :: 2:22: 22~27.42 25 tt ent ee tk ttt te eee 
AVIS SICK sek oe eee tees es te esas ceca sees ee 


INDEX ACCORDING TO TYPE OF ROAD. 


In this report the specifications have been grouped according to the types of mate- 
rials covered. The following index has been prepared for the convenience of engi- 
neers who may be particularly interested in individual types of construction. In this 


index all specifications relating to each type of pavement are grouped together. 


SEMI-GRAVEL, TOP SOIL, OR SAND CLAY: 
Aggregate for road surfacing. ...........-- SePescVs cisicke reine SS eS ES 
WATERBOUND ROADS: 


Rep TRE AR RR Sre Sis eh SS see oc arn la ae a Se Sb Ss ce SS ea te obec Sato 

LEMPELEBSE) EVRTER DS O55 Giana Pe nw eC Re 
BITUMINOUS MATERIALS FOR COLD APPLICATION: 
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For covering see “Chips or No. ...--.- stone (or slag)’’ under specifi- 
cations for bituminous macadam, broken stone, or broken slag. 
BITUMINOUS MATERIALS FOR HOT APPLICATION: 
Re Phar oe en 2 win Sela eee ee Sie ns wie Se ose tice as Joes 
WM sesa Ne Mickie ee ep a faes o aa Se Sars Sasso Se se nce pee os eck ets bs aloes 
For covering see “Chips or No. .....- stone (or slag)’’ under specifi- 
cations for bituminous macadam, broken stone, or broken slag. 
BITUMINOUS MACADAM: 
2GP SED WDE SE o5 oe GRE ee Oe a a SEY Ae a 
LENDE LEUSEEY SU AD DDS 5S Se eS a ae aca a 
Eeespetd ANC OMG GMI te. 5 eS Ass isitee ois so SW e dob ee ote lee bed cent ed oees 
Bopha OM Apes ewe se ee aN aie See Salo Be ok We Ve ae see eens 
LARGE AGGREGATE BITUMINOUS CONCRETE: 
REISE OAL ORs oy ooo Oe ad cles Se oe e'sie ee otic woe oawocoeee 
Re aetaties EPO P OT PR ALG oe Soca oss SS ae soe ole ewig os Seis oe ols peic'ce e bee 
Ete te ONC DOCTOU AOR as aoe a er taia i Sates eee eels eee ee cee 
Wirternieores eso 6 a Us POI aE Rook Eo ec ees 
Broken stone or sand, coarse and fine aggregate.........-----.----------- 
ap aiyeeMmente ie. ee OE Ree NSUS BEE oe so oe 
LESTE PEP S Lec 3 < Recah eerie Sings arena distete pe ceca ie neti ar ee eee 
For covering see ‘‘Chips or No. ....-.- stone (or slag)’’ under specifica- 
tions for bituminous macadam, broken stone, or broken slag. 
TOPEKA TYPE BITUMINOUS CONCRETE: 
Broken stone or sand, coarse and fine aggregate.....-...-....----..------ 
nu a, ELSE sic gs Sa a en RE 
ST DSLE QELS RS A Se ce ee gg aie et eer 
SHEET ASPHALT: 


2 NE DET SOUT Sg 5 aN RS A tee ee nme 
inder course not specifically covered by the conference (broken stone 
ageregate for large aggregate bituminous concrete could be used). 
PORTLAND-CEMENT CONCRETE BASE: 
Ferme RCC INGEN Reet kM ce. eh IS os De os die nda Se Sn Ree 
ptaiscmmiu® 10m Coarse ACPTeC ate. -. 5.2. eso lee ce cece sce e ced aecevones 
Broken stone or gravel for coarse aggregate... ...-.... 2-22. 2c eee 
Stone or gravel screenings for fine aggregate... .....-.--2-2-2 222 eee eee 
See MORIN ETARELCOALGS 5.5 22) 5 wists l= So kssig Sanle's Se Sage chess sess asen 
PORTLAND CEMENT CONCRETE WEARING SURFACE: 
Reais RAPE SIVOT eee pe ee 6s US So cleo eae a Shine Stowe Siesis ole Sabie woe 
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BRICK PAVEMENT: Page. 
Watrined-paving brick ~~ 2. oc. occ ace oe ee es 28- & 
Granulated slag forycushion e274 %: .O/6 2 pegs ev on A. eee 6b 
Sandior cushion .~ . .22.5. 22-52 sae eee See oe ee ee eee 21 
Grouting cand: 22.22... 3 2 eee Cr Ae eee 20 
Asphalt cement for use as poured joint filler. -........----.............. 23 
Retined tar ior use-as poured jovnt filler’. 2.2 oe ee ee 25 

STONE BLOCK PAVEMENT: 
pione WIUCK fe eee eee tats on ee ee ee ee 12 
Grantiatco slasior Cushion... s2o2- Ses. = ue ee eee ee ae 15 
Sand tor'cushion . = 2212... sete cee one SES Ae Ee eee eee 21 
Grouhing sand = oe. cele eee ek noe ain Eee eet eee 20 
Asphalt cement for use as poured joint filler. ......-.-....------2---...- 23 
Refined tar for use as poured joint filler.................-----------+.... 25 
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